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D E S C R I P T I O N of the PLATES. 



P L A T^E L p. 8. 

FI G. I. Shows the manner in which the Vays 
of light converge and diverge. * 

Fig. 2. Different objedls feen under the fame 
optic angle. 

Fig. 3. Therefradionofa rayoflight, AB, in 
paffing through different mediums. 
Fig. 4. .The different forts of lenfes. 

P L A T E II. p. 12. 

Fig. 1. The difpofition of the lenfes of a com- 
mon telefcope. A B the objecft-glafs, C D the eye- 
glafs ; O 1 the obje6l, which appears inverted at 
E, and magnified. 

Fig. 2. The conftrudlion of a terreflrial te- 
lefcope, in which the lenfes C D and EF are added 
to thofe in the laft figure, and by which the objedl 
is made to appear in its natural pofition. 

Fig. 3. Shows the ftru6lure of a reflecfting te- 

lefcope. G H is a large concave metalline mirror, 

A3 per- 



ii . DESCRIPTION OF 

perforated at r, by which the image of an objedl 
entering at the end pf the tube DE is reflected to 
the fmall mirror I, placed on a ftand, and by that 
to the glafles B and A, which convey it to the 
eye in an ere(5l pofition. 

Fig. 4. The conftrucSlion of a double micro- 
fcope. A B the objeft glafs, and C D the eye 
glafs: gmh the objeft, and GH the image, which 
appears inverted and greatly magnified. 

PLATE III. p. 3&. 

Fig. 1. Is a veflel with water, by the refrac- 
tion of the light, through which, three pieces of 
money E, F, G, are feen at the point where they 
were invifible . before the water was poured into 
the veflel. 

/Fig. 2. Three fmall pieces of paper, A, B, C, 
being ftuck againft the wall, the image of one of 
them will at a little diftance fall on the optic 
nerve at D, and therefore be invifible. 

Fig. 3. The portable camera obfcura. Eis a plate 
of glafs, placed in the frame A B C D, to which 
the image of the obje6ls that enter the tube O, are 
refledled by the mirror N, The four legs and 
the pieces that compofe the cafe H, have hinges, 
by which they fold up. 

Fig. 4. The magic lantern. ABCD is a tin 
box, in one end of which is a concave mirror G ; 
at the oppofite end is a convex lens L, and before 
it a tin tubeO, that has an opening MN, througli 
which are pafled the glafles that have the objeds' 

' painted 



THE P L A T E S. iii 

painted on them. In the tube Ois placed another 
that is moveable, and that contains two leufes P 
and Q, by which the objedls ou the glaffes are 
thrown on the wall : K is a lamp, and E, F the 
funnel by which the fmoke comes out, and its 
cover that keeps in the light. 

PLATE IV. p. 50. 

Fig. 1, and 2: Are two plates of glaf^ to paf^ 
through the groove in the magic lantern at the 
fame time, and by which the appearance of a 
temped is to be exhibited. 

Fig. 3. is a box that contains a chafing difl), 
on the fmoke of which, that comes out at the top 
of .the box AB, the figures of a magic lantern are 
thrown. 

Fig. 4. A machine for reprefenting a plian- 
tom : within it h i)laced a magic lantern, the 
images of which being refleded by the mirror M, 
pafs out at an opening in the top of the box,, 
and are thrown on the fmoke of a chafing difli 
placed upon it, -where they are viCble. 

Fig. 5. A large magic lantern for exhibiting 
a magical theatre. In the tube H are feveral 
grooves in different direflions, by which different 
glaffes arepaffed at the fame time. 

PLATE V. p. 66. 

Fig. 1. Reprefentation of an objedl reflecfted 
by, a plain.mirror. AC theobjecft, GI the mirror^ 
DF the image. 

A 4 Fig. 



iv DESCRIPTION of 

Fig 2. GI is a convex mirror, A C the objedl, 
and DF the image. 

Fig. 3. G I a concave mirror, A C the objecft, 
D F the image, that appears behind the mirror, 
ereft and magnified. 

Fig. 4. G I a concave mirror, AC an objecft at 
a greater diftance than in the laft figure ; DF the 
image before tlie mirror, inverted and diminiftied, 
PLATE VI. p. 70. 

Fig. 1. The Box for the boundlefs gallery: 
EF two pafteboards cut through, and painted on 
both fides ; D a pafteboard painted on one fide 
only, and placed before a mirror at the end of the 
box; C is the hole by which the objects are viewed. 

Fig. 2, and 3. The painted pafteboards to place ' 
in the box, Fig. 1. 

Fig. ,4. The box for the four magical mirrors. 
ABCD the body of the box, againft whofe four 
infides the mirrors are placed. BNLI a frame of 
glafs confifting of four inclined plates, and one at 
top that is horizontal ; by the latter the images 
placed on the bottom of the box are feen refleft- 
ed by the mirrors. 

Fig. 5. A plan for difpofing the objecfts in the 
box, Fig. 4. 

•PLATE VII. p. 80. 

Fig. 1. The enchanted palace. Againft the fix 
pillars mirrors are fixed, that meet in the cen- 
ter, and between eacii triangular divifion objeds 
are ])laced, that are refleded by the mirrors. 
ABCDEF is the plan of the bafe of the palace. 

Fig. 



THB P L A T E S. V 

Fig, 2. Is a fquare on which a regular figure is - 
drawn, that when transferred to the correfponding 
divifions of Fig. 3, appears deformed, but when 
feen in a mirror placed at FG, from a point over 
B, appears exadlly the fame as on Fig. 2. 

Fig. \. The magical dial. In the drawer H is 
placed the dial Fig. 5, whofe index is a touched 
needle .that is moved by a magnetic bar under the 
dial-plate. At I another dial. Fig. 6, is placed, 
whofe index is like wife a touched needle, and is 
regulated by that on Fig. 5. At M. is an inclined 
mirror, that, irefleiling the dial placedlat I, makes 
it vifible at an opening in that center of the dial 
at the top of Fig. 4. 

PLATE VII. p. 92. 

Fig. 1. The box of divination A B C D, in 
which are placed the tablets E, F, G, H, that each 
contains a magnet placed in a different pofition. 

Fig. 2. The table, under which is a brafs rod 
that has four pivots, to which are fixed the four 
pafteboard circles P, Q, R, S, Fig. 3. M N is an 
inclined mirror placed in a drawer under the table. 

Fig. 4. Is the top of a box, that has three holes, 
and over them are placed three perfpedlives like 
Fig. 6. Each of thefe perfpedlives is fixed on a 
hollow pedeftal, and contains a mirror E, by which 
the objedls on the circle Fig 7, that is put at 
the bottom of the box, are feen at D. There is a 
magnetic bar concealed in the table, on which 

the 



vi DESCRIPTION of 

the box is placed, that moves the circle Fig. 7, 
by the needle in the middle of it. 

Fig. 5. Is a column placed on the middle of the 
boxy. and in which the fpecftators feem to fee the 
objecfts fliown by the perfpecftives. 



PLATE IX. p. 112. 

Fig. 2. The box for the animated optic balls. 
IM the inclined plane, down which the ball O 
runs, and through the groove P, to the hole at 
the end of the box. K F is the mirror that re- 
flects the inclined plane and the paintings in the 
box to the glafs at E, and which is reprefented 
by Fig. 1 . T the inclined plane for a double 
reflexion. Fig. 4, 5, and 6, the machinery that 
raifes the ball to the top of the inclined plane. 

Fig. 3. The painting on the inclined plane. 



PLATE X. p. 118. 



Fig. !• The penetrating perfpecftive. F and G 
are two moveable tubes. O, P, Q, R, are four 
inclined mirrors, that refled the objecfts, entering 
the tube G, to the eye at F. 

Fig. 2. The enchanted mirrors. A D and C B 
the two mirrors placed crofs the box in a diagonal* 

Hand 
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H and L, two of the glafles by which the fpedla- 
tors (ee each other. 

Fig. 4. The machine for feeing an irregular fi- 
gure In a multiplying glafs (Fig. 3.) A B the ft and 
' with the glafs fixed to it ; H the hole through 
which the image is feen. Fig. 5, the ruler for 
drawing the ^refledion on the board D E F G. 
Fig. 6, 7, and 8, projections of the glafs. 

PLATE XL p. 126. 

Fig. 1. The cylindric mirror for viewing aii 
irregular figure drawn on the board F G, from the 
point of view E, where it appears regular. 

Fig.^ 2. The method of dividing the diameter 
of a circle into a number of parts, .which are to be 
transferred to the cylinder, and reflected on the 
board, for tracing the irregular figure. 

Fig. 3, The plan- for drawing the regular figure. 

Fig. 4, 5, and 6. The appearances of a bottle 
of water befbre a concave mirror. 

PLATE XIL p. 134. 

Fig. 1 . The perfpeftive mirror. H the con- 
cave mirror, IL the blacked pafteboard for re- 
gulating the view, G the aperture for viewing tlie 
objecfts placed beneath it, in the mirror. 

Fig. 2. A and 5 two concave mirrors for firing 
combuftible bodies at a diftance. C. and D their 
foqi, in which the bodies are placed. 
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Fig. 3, The machinery for the real apparition. 
C an inverted objeca; placed under the hole in the 
partition AB, and which, by the reflecSion of the 
concave mirror, appears erefl; atD, on the outfide 
of the partition. 

PLATE XII. p. 160. 

FigJ 1 . The ray of light LI, paffing throughthe 
window ftiutter AB, is refracSled by the prifm 
D E F, into the Speftrum P Q, that exhibits all 
the feven primary colours. 

Fig. 2, and 3. The glafles and painted papers 
for reprefenting the feveral colours and their gra- 
dations. 

Fig. 4. The^mzfgical prifm. A B C a large 
prifm, by which a ray of light is refraded, and 
fells on the fmall prifm DEF, that, as it revolves 
on its axis, appears of different colours. 

Fig- 5. The -prifmatic camera obfcura. F^* 
two rays of light that being refradled by the prifms 
A,.B, C, and a, i, c, form, the fpeflrum M N, 
which appears to be painted with all the original 
colours. 

PLATE XIV. p. 166. 

Fig. 1. A ray of light largely refrafted into 
the fpe(5lrum PT, the divifions of whofe colours 
correfpond to the divifions of a chord for the 
notes of the oftave. 

Fig. 2, and 3« The machine for exhibiting co- 
lorific 
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JorificmuCc. The fliaded parts in %• 2, repre- 
fent the colours. F is the fcrew on which it 
turns, G a wheel that is moved by the endlefs 
fcrew H. 

Fig. 3. Is the cafe that contains the cylinder; 
The eight fhade.d parts in the middle are the 
holes through which the. colours on the cylin- 
der are feen ; O the handle thatturns the endlefs 
fcrew. 

PLATE XV. p. 174. 

F^ig. I, 2, and 3^ The plans for drawing an ir- 
regular figure that will appear regular when feen 
thrpugh a hole in the ftand Fig. 4, placed in the 
proper pofition. 

PLATE XVL p. 180. 

Fig. 1, 2, and 3. The plans for drawing an 
irregular figure, which when feen from two oppo- 
fite points of view, prefents two regular figures; 

Fig. 4, A pafteboard in which lines are cut, 
and over them the paper Fig. 5, that contains 
the drawing that is to be pafted. . 

PLATE XVIL p. 190. 

Fig. 1, and 2. The apparatus for drawing an • 
irregular figure on the bafe of a cone, that ap- 
pears regular from the point H ; FEG the cone ; 
MN the pofition of a glafs on. which the regular 
figure- is drawn, and tl^lt is projected on the cone 

/by 
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. by the lamp Fig. 2, when placed in the room of 
theftandH 1. 

Fig. 3. The machine for drawing any objefl: 
correcftly. E A C the tube for viewing the object ; 
BFDG the frame, ftiown more clearly in Fig. 4, 
by which the parts of the obje(ft are transferred ' 
to fimilar divifions on a paper. 

Fig. 5. The box. for illuminated profpedls. 
EFGH the back of the bpx in which the prints 
are placed, and behind them lamps or candles. 

PLATE XVIII. p. <22<2. 

Fig. 1 . Shows the alternate vibrations of a chord. 

Fig. 2. A' chord fo divided as to found the 
feven concords. 

Fig. 3. The apparatus for the ventrofal fym- 
phony. AB the vane that gives motion to the 
machine ; C, D, G, H, I, M, wheels and pinions 
that ferve to move the barrel N O, in which are 
a number of flops, that ftrike a fet of bells. 

Fig. 4. The whifpering gallery. A the point 
from whence the. found proceeds, and is rever- 
berated by the points D E F G, to C, where it is 
plainly heard. 

Fig. 5. The converfive ftatue. A B and G H 
are two concave mirrors ; C and I their focufles ; 
E F a partition that has a hole, through which a 
found iffuing at I, is diftin6lly heard at C. 

PLATE XIX. p. 240. 
Fig. 1 . Shows the mechanifm of the great organ. 
O, O, are the handles that pufh down the bellows, 

TT: 
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TT: /, /, are the handles that turn ^he rollers 
R, R, that by means of the arms c,' /, pull out 
the fliders t, g, and give liberty to the pipes 
placed over any row of the holes to found ; C, D, 
E, &c. are the keys, which being put down open 
the valves V, that admit the air to the pipes : 
KKK is the wind-cheft, that receives the air by 
the port- vent 4. X is a flute-pipe of wood; Y 
a trumpet-pipe of metal ; Z a flute pipe of metal. 

Fig. 2. Shows the conftyuAion of a valve, with 
the wire that opens it and the fpring thatfliuts it. 

Fig. 3. The infide of a flute pipe. A B the 
foot, BD the body ; EF the partition ; BC the 
mouth. 

Fig. 4. A reed pipe ; A B the foot : C D the 
fli allot or reed ; K L a plate of copper fitted into 
the mold at I; but being loofe at its extremity K, 
the air makes it {hake againft the reed: 
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RATIONAL RECREATIONS. 



OPTICS. 

T^HE fcience of optics explains the 
•^ nature of vifion, by inveftigating 
the caufes of the various phenomena that 
arife from the refradion and refledion of 
light. It is divided into Dioptrics, Ca- 
toptrics, and Chromatics*. The firft 
treats of refradion ; the fecond, of re- 
fledion ; and the laft, of colours. 

GENERAL DEFINITIONS. 

I. When the rays of light that iffue 
from any body, continually recede from 

* Thefe terms are derived from the Greek ; the 
firft from the word dioptra, a perfpe6live glafs ; the 
fecond from katoptron, a mirrorV and the laft from 
chromata,. colours. 

Vol. H. B • each 



2 RATIONAL 

each other^ as the rays A B and A C 
(Plate I. Fig. i.) they are faid to di- 
verge. 

2. When rays in their progrefs draw 
continually nearer to each other, as the 
rays BF and CF, (Plate I. Fig. i.) they 
are faid to converge. 

3. That point in which converging rays 
all meet, is called their focus; as the 
point F, in the fame figure. 

4. An optic angle is the fpace contained 
between two lines drawn from the extre- 
mities bf any objed to the eye. Thus 
AEB or CED (Plate I. Fig. 2.) are the 
optic angles under which the objeds A B 
and C D appear to the eye at E. 
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GENERAL -APHORISMS, 

1 . The motion of light is not inftanta^ 
rieous but progreffive*, 

2 . All rays of light naturally proceed iii 
right lines. 

3. No objed can be feen diftindly at a 
lefs diftance than about eight inches. 

4. To produce diftind vifion, the rays 
of light muft 1)e parallel when they enter 
the eye, and the objed well illumined. 

5. Rays of light that come from a far 
diftant objeft, are to be confidered as pa- 
rallel. 

6^ Wherever the rays that come from 
alj the points of an obje A, meet again in 

* It appears, by aftronomicai obfetvations, that 
the rayis .of light are 8 minutes and 13 feconds iil 
coining from the fun to the earth, which is didant 
about 82 millions of miles ; their .progrefe, there- 
fore, is at the rate of about ten millions of miles 
I in a minute ; yet great as that velocity is, the dif- 
tance of ^thei)eafeft of the fixed ftars being four 
hundred thoufand times greater than that of the 
fun, the light muft be more than fix years in com-^ 
ing from them to us. 

B 2 fQ 
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fo many points, after they have been 
made to converge by refradion or reflec- 
tion, they will there form an image of 
that objed on any white body, 

7. Every objed feen by refradion or 
refledion, appears to be in that point 
from whence its rays are laft refraded or 
refleded to the eye, 

8. The apparent magnitude of any ob- 
jed is determined by the magnitude of 
its optic angle : therefore the objeds A B 
and CD, (Plate I. Fig. 2.) which are feen 
under the fame angle, will appear of equal 
magnitude. 

Thefe, and every other aphorifm in this 
p^rt, are confirmed by all optical writers ; 
and may be demonftrated geometrically : 
but as we fuppofe our readers to have no 
other previous knowledge than that of 
common arithmetic, it would be fuper- 
fluous tp infert fugh demonftrations here. 
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DIOPTRICS. 

DIOPTRICS, as we have faid, ex- 
plain the feveral appearances that 
arife from the refradion of light. 

DEFINITION S. 

1 . When a ray of light paffing out of 
one medium into another of a different 
denfity, is turned from that ftrait line 
in which it would otherwife proceed, into 
one of a different diredion, it is faid ta 
be refraded.. Thus the ray AB, (Plate I. 
Fig. 3.) by paffing out of air into ^he glafs 
GH, is turned from its natural courfe 
into that of CD. 

2. Any fpherical tranfparent glafs that 
converges or diverges the rays of light as 
they pafs through it, is called a lens. 

3. Of lenfes there are five forts : i . A 
plane orfingle convex lens, which is plane 
on oi^e fide, and convex on. the*otheri 
as A (Plate I. Fig. 4.) 2. A double con- 
vex lens, as B. 3. A plano-concave lens, 

B3 that 
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that is plane on one fide and concave on 
the otheiyasG. 4. A double concave, as 
D. And, 5. A menifcus, which is convex 
on one fide and concave on the other, as £. 

4. The point C, roiind which the fj^he- 
rical furface of a lens, as A Z (Plate I. 
Fig. 4.) is defctibed, is called its center : 
th^ Hhe X Y, di-awn from that center per- 
pendicular to its two furfaces* is the axis ; 
afld the peiflt V, to which the axis is 
dfawti* is the vertex of that lens. 

5. When the rays of light that pafs 
throHgh a fihgle 6t double convert lens are 
brought ifllb their fmalleft cbmpafe, that 
point is the focus of the lepii. 

6. In optical inftrumentsthat lens which 
is next the objed is called the obje£l-glafs ; 
and that hext the eye, the eye^-glafs. 

7. TTie diftance between the line AB 
(Plate L Fig. 3.) aild the perpendicular 
EB, is califed the angle of ihckieflce; and 
the diftihce belwe^ft the line CD and the 
perpendicular BF, is called th* ^ngle of 
rfefradlibti. 

APHQ. 
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- APHORISMS. 

1. A ray of light paffing obliquely out 
of one medium into another that is denfer, 
will be refracfted toward the perpendi- 
cular, as the ray AB (Plate I. Fig. 3.) by 
paffing out of air into glafs is refraded 
into CD, toward the perpendicular BF. 
On the contrary, a ray paffing out of a 
denfer into a rarer medium, will be re^^ 
fraded from the perpendicular ; as the 
ray C D, paffing out of glafs into air, is 
refraded into D !• 

2. The angles of incidence, andrefrac^ 
tion, when the lines that contain them 
are all equal, will have a determinate pro- 
portion to each other, in the fame me- 
diums : which between air and water will 
be as 4 to 3 ; between air and glafs, as 
3 to 2, nearly; and in other mediums in 
proportion to their denfities. 

3. When an objed is viewed through a 
glafs whofe two furfaces are parallel, it 
will appear of its natural dimenfions, its 
fituation only being a fmall matter altered 

B 4 in 
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in proportion to the thicknefs of theglafs, 
and the obliquity of the rays. 

4. All the ray^ of light, whether di- 
verging, parallel, or converging^ that fall 
on a fingle or double conviex lens, will 
meet in a focus behind the glafs ; and the 
diftance of that focus will be greateft in 
diverging, and leaft in converging rays. 

5. When parallel or converging rays, 
fall on a fingle or double concave lens, 
they will diverge behind it. If they be 
diverging at their incidence, they will be- 
come more fo by paffing through it. 

6. When an objed is viewed through 
two convex lenfes, its apparent length, 
or diameter, will be to its real length, as 
the diftance of the focus of the objed- 
glafs, is to that of the eye^glafs. 

By thefe, and the foregoing aphorifms, 
•we are enabled to account for the various 
effeds of dioptric machines, as refrading 
telefcopes, microfcopes, the camera ob- 
fcura, &:c. For example, fuppofe AB 
the objed glafs, and CD the eye-glafs of 

a te- 
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a telefcope, (Plate 11. Fig. i .) and let them 
be fo placed that the focus of each may 
coincide in the point E. Suppofe OI to be 
a far diftant objed, whofe rays are there- 
fore to be confideredas parallel when they 
come to the glafs, (aphorifm 5. page 3.) the 
two rays OA, and IB, proceeding from 
the extremities of the objed, and paffing 
through the glafs A B, will meet and in- 
terfed each other in its focus E, and pafs 
on to the eye-glafsCD. But E beingaifo the 
focus of that glafs, thofe rays, by paffing 
it, will again become parallel, and there- 
fore by (aphorifm 4. p. 3.) produce dif- 
tind vifion in the eye, placed at,H. 

Now fuppofe the diftance between AB 
and E, that is the focal length of the ob- 
jed-glafs, to be ten feet, or 120 inches, 
and the diftance between E and CD, 
which is the focal length of the eye-glafs, 
to be three inches, then, by aphorifm 6. 
p. 8. the apparent length or diameter of the 
pbjed will be to its real length as 120 to 3, 

or 
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or as 40 to tj that is, its length will be 
magnified 40 times, and confequently its 
furfaoe, if it be a fquare, 1 600 times- 
It is evident, from the conflrudion of 
this telefcope, that the bbjed muft appear 
to the eye inverted, but as it is principally 
intended for viewing celeftial objeds, 
that circumflance is not much regarded. 
But when it is applied to terreflrial views, 
tWP other glafles are added. One of which 
as EF, (Plate If. Fig. 2.) is placed at 
twice its focal diftance from CD, and the 
other, G H, at the fame diftance from 
that. Now the rays being made to inter- 
fed each other again, as is evident from 
the figure, the objed will then appear in 
its natural pofition. 

Tefreftrial telefcopes are fometimes 
made with one objed-glafs, and one con- 
cave eye^glafs ;. but as only a fmall part 
of an objed can be feen by thefe at one 
view» they are of littl6 ufe, except in 
.pear or large -objeds. 

In 



RECREATIONS. n 

In like manner fuppofe ABCDEF 
(Plate II. Fig. 3.) tobethetubeof arefled- 
iiigtelefcope, the end DE of which is open: 
Jet GH be a large concave metalline mir- 
ror, perforated at r. I, a finaller mirror, 
pl&ced on the ftand K. Thefe mirrors are 
to be fo difpofed that the focus of each 
may fall on the ppint/. Now the image 
of^n objed, 4s a i, entering the tube at 
DE, will fall upon the mirror GH in 
the points c 4, and being refleded from 
thence to the focus/, the rays will there 
interfed each other, and invert the image 
at g h This image being alfo in the fo- 
cus of the mirror I, after falling on it in 
the points ^ /, will be refleded back in 
parallel rays, which paffing through the 
hole T iti the great mirror, and falling on 
the convex lens at B, will again crofseach 
other in the focus of that glafs at j, which 
being alfo the focus of the Jiens at A, it 
will from thence be viewed by the eye at 
L. The principal excellence of refleding 
telefciijpes arifes from the brightnefs of 

the 
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the refledion, by which objeds appear fo 
diftind that art eye-glafs of a much fmaller 
focus can be ufed in them than in others. 
The magnifying power in this, as in other 
telefcopes, is as the focal diftance of the 
objed-glafs or mirror, to the focal dif- 
tance of the eye-glafs. But the latter 
being fo much fmaller in this telefcope, 
the magnifying power will be fo much 
greater. Therefore, if the focal diftance 
of the eye-glafs be one inch, and that of 
the objed mirror 40 inches, the diameter 
of the objed will be magnified 40 times, 
and its furface 1 600 times. A refleding 
telefcope of 4 feet will magnify more than 
a refrador of 50 feet. 

Suppofe, again, AB (Plate 11. Fig. 4.) 
to be the objed-glafs, and C D the eye- 
glafs of a double microfcope. The ob- 
jed-glafs muft here be quite fmall and 
very convex, and confequently its focal 
diftance //, very fhort. The diftance of 
the fmall pbjed g m /r, muft be very little 

more 
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more than that of / /, in order that its 
image GH, maybe formed at a confider- 
able diftance, anc^ confequently be much 
enlarged. Now this image will appear 
diftind and confiderably magnified, and 
that on two accounts : firft, in proportion 
as the diftance K / is greater than / m ; 
and fecondly, on account of the neamefs 
of the eye to the image ; for by aphorifm 
3. page 3. no objed can be feen diftind- 
ly by the naked eye, at a lefs diftance 
than eight inches, therefore if by means 
of the eye-glafs CD, the objed is made 
to appear diftind at the diftance of one 
inch, it will feem eight times as large- 
Suppofing, therefore, the focal diftance 
of the eye-glafe CD, to be one inch, and 
the diftance K / to be to / m as ten to i , 
then, on both thefe accounts, the length 
of the objed will appear 8 times 10, or 
80 times, and it, furface 6400 times, lar- 
ger than when feen by the naked eye. 
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RECREATION I. 

Optical tllujions. 

ON the bottom of the veffel ABC D, 
(Plate III. Fig. i.) place three pieces 
of money, as a fliilling, a half-crown, and 
crown ; the firfl at E, the fecond at F, 
and the laft at G. Then place a perfon 
at H, where he can fee no farther into 
the veffel than I : and tell him that by 
pouring water into the veffcjl you will 
make him fee three different pieces of 
money ; bidding him obferve carefully 
whether any money goes in with the 
water*. 

When the water comes up to K, the 
piece at E will become vifible ; when it 
c:omes up to L, the pieces at E and F 
will appear ; and when it rif(55 to M, all 
the three pieces will be vifible. 

* You muft either pour it in very gently, or con- 
trive to fix the pieces, that they may not move out 
of their places by the motion of the water. 

Froitt 
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From what has been faid of the refrac- 
tion of light, the caufe of this phenome- 
non will be evident : for while the veffel 
is empty, the ray H I will naturally pro- 
ceed in a ftraight line : but in proportion 
as it becomes immerfed in water, it will be 
neceflarily refraded into the fev6ral direc- 
tions NE, OF, PG, and confequently the 
feveral pieces muft become vifible, 

RECREATION II. 

Optical augmentation. 

TPAKE a large drinking glafs of a coni- 
-*• . cal figure, that is, fmall at bottom 
and wide at top ; in which put a fliilling, 
and fill the glafs about half full with wa- 
ter : then place a plate on the top of it, 
and turn it quickly over, that the water 
may not get out^ You will then fee on 
the plate, a piece of thq fize of a half 
crpwn ; and fomewhat higher up, another 
piece of the fize of a ftiilling. 

This 
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This phenomenon arifes from feeing 
the piece through the conical furface of 
the water at the fide of the glafs, and 
through the flat furface at the top of the 
water, at the fame time: for the conical 
furface dilates the rays and makes the 
piece appear larger ; but by the flat fur- 
face the rays are only refraded, by which 
the piece is feen higher up in the glafs, 
but flill of its natural fize. That this is 
the caufe will be farther evident by filling 
the glafs with water, for as the fliilling 
cannot be then feen from the top, the 
large piece only will be vifible. 

After you have amufed yourfelf with 
this remarkable phenomenon, you may 
give the glafs to a fervant, telling him to 
throw out the water, and take care of the 
two pieces of money ; and if he have na 
fufpicion of the deception, he will be not 
a little furprifed to find one piece only. 



R E C R E- 



RECREATIONS. 17 

RECREATION III. 

Optical fubtraSiion. 

AGAINST the wainfcot of a room 
fix three fmall pieces of paper, as 
A, B, C, (PI. III. Fig. 2.) at the height 
of your eye ; and placing yourfelf di- 
redly before them, at a few yards dif- 
tance, (hut your right eye and look at 
them with the left ; when you will fee 
only two of thofe papers, fuppofe A and 
B ; but ^altering the pofition of your eye 
you will then fee the third and one of 
the firft, fuppofe A ; and by altering your 
pofition a fecond time, you will fee B and 
C; but never all three of them toge- 
ther. 

The caufe of this phenomenon is, that 
one of the three pencils of rays that come 
fromthefeobjeds, falls on the optic nerve 
at D ; whereas to produce diftind vifion 
it is neceffary that the rays of light fall on 
fome part of the retina E, F, G, H. We 

Vol. II. C fee 
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We fee by this experiment, one of the 
ufes of having two eyes ; for he that has 
one only, can never fee three objeds 
placed in this polition, nor all the parts 
of one objed of the fame extent, without 
altering the fituation of his eye. 

RECREATION XL 

Alternate illufion. 

Wf I T H a convex lens of about ^n 
inch focus, look attentively at a 
filver feal, on which a cypher is engraved, 
it will at firft appear cut in, as to the 
naked eye ; but if you continue to obferve 
it fome time, without changing your fitu- 
ation, it will feem to be in relief, and the 
lights and fhades will appear the fame as 
they did before. If you regard it with 
the fame attention ftill longer, it will 
again appear to be engraved : and fo on 
alternately. 

If you look off the feal for a few mo- 
ments, when you view it again, in- 

ftead 
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(lead of feeing it, as at firft, engraved, it 
will appear in relief. 

If, while you are turned toward the 
light, you fuddenly incline the feal, while 
you continue to regard it, thofe parts 
that feemed to be engraved will imme- 
diately appear in relief: and if, when 
you are regarding thefe feeming promi- 
nent parts, you turn yourfelf fo that the 
light may fall on the right hand, you will 
fee the fliadows on the fame fide from 
whence the light comes, which will ap- 
pear not a little extraordinary. In like 
manner the fhadows will appear on the 
left, if the light fall on that fide. If in- 
ftead of a feal you look at a piece of 
money, thefe alterations will not be vifible, 
in whatever fituation you place yourfelf*. 

* It has been fufpefted that this illufion arifes from 
the fituation of the light ; and in faft I have obferved 
(fays M. Guyot, from whom this article is taken) 
that when I have viewed it with a candle on the right, 
it has appeared engraved, but by changing the 

light 
C 2 
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^RECREATION V, 

"The' camera ohfcura, or dark chamber. 

WE fliall here give a fhort defcription 
of thisoptical invention ; for though 
it is very common, it is alfo veiy pleafing, 
and though almoft every one has feen it, 
every one knows not how to conftrud it. 

. light to the left Cde, it has immediately appear- 
ed in relief. It (till, however, remains to be ex- 
plained, why we fee it alternately hollow and pro- 
minent, without changing either the fituation or 
the light. Perhaps it is in the fight itfelf that we 
muft look for the caufe of this phenomenon ; and 
this feems the more probable, as all thefe appearances 
are not difcernible by all perfons, 

A phenomenon like this will appear to a fiiper- 
fipal pbferver a very trifling matter : but the philo- 
fopher, who is defirous of explaining all the appear- 
ances of nature, will find it attended with no trifling 
difficulties. It is, moreover, by inveftigatihg the 
caufes of phenomena feemingly infignificant, that 
the moft important difcoveries are fometimes made. 

Make 
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Make a circular hole in the fhutter of a 
window,, from whence there is a profpcd 
of the fields, or any other objefi not too 
near ; ^ and in this hole {dace a convex glafe, 
either double or fingle, whofe, focus is at 
the diftance of five or fix feet*. Talte 
care that no light enter the rocm but by 
this glafs: at a diftance from it, equal tOJ 
that of its focus, plgice a pafteboard^ ca»« 
vered with the whiteft paper f; let it be: 
two feet and a half long, and eighteen. or 
twenty inches high : bendthe length of it 
inwards, to the form of part of a circle, 
whofe diameter is equ^l to double the fo- 
cal diftance of the glais. Then fix it on a 

* The diftance fhould not be Lefs than three feet ; 
for if it be, the images will be too fiwll, and there 
will not be fufficient room for the i|)^6lalors toft^nd 
convenicifitly. On the other hand the focus ihoald 
never be more than 15 or 2ofeet» fcar then the 
images will be obfcnre, and the colouring faintt. The 
beft diftance is from 6 to .twelve feet. 

t This paper fhould have a black border, to pre- 
vent any of the fide rays from difturbingthe pifture, 

C 3 frame 
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frame of the fame figure, and put it on 
a moveable foot, that it may be ealiiy 
fixed at that exaft diftance from the glafs 
where the objefts paint themfelves to the 
greateft perfedion. When it is thus 
placed, all the objeAs that are in the 
front of the window will be painted on 
the paper, in. an inverted pofition ♦, with 
the greateft regularity and in the moft na- 
tural colours- 

If you place a moveable mirror without 
the window, by turning it more or lefs, 

* This inverted pofition of the images may be 
deoned an imperfe6lion, but it is eafily remedied : 
for if you (land above the board on which they are 
received, and look down on it, they will appear in 
theit natural pofition : gv if you (land before it, and 
placing a commoa mirror againft your bread in an 
oblique diredUOn, look down in it, you will there fee 
the images ereft, and they will receive an additional 
luftre from the reflexion of the glafs ; or place two 
lenfes, in a tube that draws out ; or, laftly, if you 
place a large concave mirror at a proper diftance be- 
fore the piaure, it will appear before the mirror, in 
the air, and in an ereft pofition. 

you 
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you will have on the paper all the objeds 
that are on .each fide of the window*. 

If inftead of placing the mirror withr 
out the window you place it in the room, 
and above the hole (which muft then be 
made near the , top of the fliutter), yon 
may receive the reprefentation on a papar 
placed horizontally on a table ; and draw 
at your leifure, all the objeds that are 
there painted. 

Nothing can te more pleafing than this 
Recreation, efpecially when the objeds 
are ftrongly enlightened by the fun : and 

* There is another method of making the dark 
chamber, which is by a fcioptric ball, that is, a ball 
of wood, throuigh which a hole is made, in which 
hole a lens is fixed : this ball is placed in a wooden 
frame, in which it turns freely round. The firame is 
fixed to the hole in the fhutter, and the ball, by 
turning about, anfwers, in great part, the ufe of the 
mirror on the outfide of the window. If the hole in 
the window be no bigger than a pea, the objeAs will 
be reprefented without any lens, 

; C 4 not 
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not 'Only land profpedd, but a fea^pcrt, 
when the water is fomewhat agitated, or 
at the fetting of the fun, prefents a very 
delightful appearance. 

This feprefentation affords the moft 
perfed model for painters, as well for the 
tone of colours, as that degradation of 
ihades, occafioned by the interpofition of 
the air, which has been fo juftly expreffed 
by fome modern painters. 

It is lieceffary that the paper have a cir- 
cular form, for otherwife, when the cen- 
ter of it was in the focus of the glafs, the 
two fides would be beyond it, and confe- 
quently the images would be confufed. 
If the frame were contrived of a fpherical 
figure, and the glafs were in its center, 
the reprefentation would be ftill more ac- 
curate. If the objed without be at the 
diftance of twice the focal length of the 
gjafs, the image in the room will be of 
the fame magnitude with the objed. 

The 
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The lights^ fliades^ and colours in the 
camera obfcura appear not only juft, but^ 
by the images being reduced to a fmaller 
compafi, mudb Jironger than in nature: 
add to this, that thefe pidures exceed all 
others by reprefenting the motion of the 
feveral objefts: thus»we fee the animals 
walk, run, or fly, the clouds float in the 
air, the leaves quiver, the waves roll,. kc. 
and all in ftr^d conformity to the laws of 
nature. The beft fituation forif^ark 
chamber is diredly. north, and /the beft 
time of the day is noon. / 

r 

RECREATION VL 

To Jhew the fpots on the fun^s dijk^ by its 
image in the camera obfcura. 

PU T the objed-glafs of a ten or twelve 
foot telefcope into the fcioptric ball 
and turn it about till it be diredly oppo- 
fite the fun *. Then place the pafteboard, 

mentioned 

* When the fun is direftly oppofite the hole 
the lens will itfelf be fufficient : or by means of 

the 
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mentioned in the lall Recreation, in the 
focus of the lens, and you will fee a clear 
bright image of the fun, of about an inch 
diameter, in which the fpots on the fun*s 
furface will be exadly defcribed. 

As this image is too bright to be feen 
with pleafure by the naked eye, you may 
view it through a lens, whofe focus is 
6 or 8 inches diftant, which at the fame 
time that it prevents the light from being. 
ofFenfive, xvill, by magnifying both the 
, image and the fpots, make them appear to 
greater advantage, 

the mirror on the outfide of the window^ as in the 
fifth Recreation, the lens will anfwer the purpofe 
at any time. 
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RECREATION VIL 

To magnify fmall objedts by means of tike 
fun*s rays let it into a dark chamber. 

T ET the rays of light that pafs through 
•*--' the lens in the fhutter be thrown on 
a large concave mirror, properly fixed in 
a frame. Then take a flip, or thin plate of 
glafs, and flicking any fmall objed on it, 
hold it in the incident rays, at a little 
more than the focal diflance from the mir- 
ror, and you will fee, on the oppolite 
wall, amidft the refleded rays, the image 
of that objed, very large, and extremely 
clear and bright. This experiment never 
fails to give the fpedator the higheft 
fatisfadion. 
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RECREATION VIIL 

I'he portable camera obfcura. 

THE great pleafure ^produced by the 
camera obfcura in the common form 
has excited feveral to render it more uni- 
verfally ufeful by making it portable; 
•eafily fixed on any fpot, and adapted to 
every profpecft. We fhall not here exa- 
mine the merits of the various forts that 
have been invented, among which there 
are doubtlefs feveral highly ingenious ;^ 
but content ourfelves with defcribing one 
that may have fome advantages not to be 
found in others. *. 

Let ABCD (PL Itl. Fig, 3.) be a frame" 
of wood, of two feet long and about twen- 
ty inches wide ; let its four fides be two 
inches and a half thick, and firmly joined 
together. In a groove formed in this 

* This fort of portable camera appears to be the 
ioventioo of TjA^ Guyot, 

frame 
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frame place a plate of clear glafs, E *. 
To each of the corners of this frame join 
a leg, with a hinge, that it may turn up, 
under the table. To the under part of the 
frame join four pieces of light wood, as 
H, which muft alfo have hinges to fold 
up; and obferve that when they are let 
down, as in the figure, they muft clofely 
join, by means of hooks, it being quite 
neceffary that no light enter the box t- 

To that juft defcribed, there muft be 
added a fmaller box M, in which muft be 
an inclined mirror N, and in one of its 
fides a moveable tube O, five or fix inches 
long. This tube muft be furnilhed with 
a convex glafs, the focus of which, by the 
refledion of the mirror, muft reach the 
glafs E in the frame. 

* If the upper fide of the glafs were convex, it 
would be ftili better. 

+ The infide of the box may be lined with black 
cloth, to make it as dark as poffiblet 

There 



30 RATIONAL 

There mufl alfo be a covering of black 
fluff, in form of a tent, to place over the 
top of the frame, by means of four little 
. poles that go into holes in the corners of 
it. There mult be an opening to this tent 
on the fide A B, by a curtain to be drawn 
up, and which you are to let down over 
you, when you place yourfelf under it ; 
that no light may enter. The three 
other fides fhould hang down fome inches 
over the frame. 

This camera is, indeed, fomething 
more cumberfome than thofe that have 
been hitherto invented; and yet, if pro- 
perly made, it will not weigh more than 
twenty to five-and-twenty pounds. On 
the other hand, it is much more conve- 
nient ; for as the coloured rays of ob- 
jeds paint themfelves on the bottom of 
the glafs in the frame, you may draw 
them without having your hand between 
the rays and their image. 

When 
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When you have placed the frame on a 
fpot a little elevated, that nothing may in- 
tercept the rays from falling on the glals 
in the tube, you fix a fheet of tranfparent 
varniflied paper on the glafs in the frame, 
by means of wax at its corners. Then 
placing yourfelf under the curtain, you 
trace on the paper all the outlines of the 
objeds there reprefented, and if you think 
fit, you may alfo mark the extent of the 
fliadows. If you want only the outlines, 
you may lay a thin plate of glafe on that 
in the frame, and trace the ftrokes with a 
pencil arid carmine. After which you 
muft dJ^ a fheet of paper in water, with- 
out making it too wet, and fpreading it 
lightly over that glais, you will have the 
impreffion of the defign there drawn. 

Note, By each of thefe methods you 
will have the objeds either in their natu- 
ral pofition, or reverfed: which will be 
an advantage when the defign is to be en- 
graved, and you will have it then appear 

in the patural pofition. 

In 
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In uling this machine, you fhould make 
choice of thofe objeds on which the fun 
then Ihines, as the appearanceiS of the (ha- 
dows adds greatly to the beauty of the de- 
fign. There are, however, circumftances 
in which it is to be avoided, as when you 
would paint a riling or fetting fun , &cc. 

RECREATION IX, 

The magk lantern. 

nn HIS very remarkable machine, which 
-*• is how known over all the worlds 
caufed great aftonifhment at its origiin. 
It is ftill beheld with pleafing admiration, 
and the fpedator very frequently contents 
himfelf with wondering at its efFeds, 
without endeavouring to inveftigate their 
caufe. The invention of this ingenious 
illufion is attributed to the celebrated P. 
Kircher, who has publifhed, on various 
fciences, works equally learned, curious, 
and entertaining. 

The 
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The defign of this machine is to repre- 
sent at large, on a cloth or board, placed 
in the dark, the images of fmall objeds, 
painted with tranfparent colours on plates 
of glafs. 

Its tonftrudion is as follows. Let 
ABCD (PI. III. Fig. 4.) be a tin box, eight 
inches high, ten long, and fix wide (or any 
other fimilar dimenfions.) At the top 
muft be a funnel E, of four inches in 
^ diameter, with a cover F, which, at the 
fame time that it gives a paffage.to the 
finoke, prevents the light from coming 
out of the box. 

On the fide AC there is a door, by wliich 
is adjufted a concave mirror G, of metal 
or tin, and of five inches diameter ; being 
part of a fphere whofe diameter is eighteen 
inches, this mirror muft be fo difpofed 
that it may be pulhed forward or drawn 
back by means of the handle H, that enters 

Vol. IL D the 
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the tin tube I, which is foldered to the 
door. 

. In the middle of the box muft be placed 
a low tin lamp K, which is to be mover 
able- It Ihould have three or four lights, 
that muft be at the height of the focus of 
the mirror G. 

In the fide BD, and oppofite to the mir- 
ror, there muft be an aperture of three 
inches wide and two inches and a half 
high, in which is to be fixed a convex 
glafs L, of the fame dimenfion*, whofe 
focus muft be from four injches and a half ^ 
to five inches, fo that the lamp may be 

. * I prefer this form for the glafs (fays M. Guyot) 
that the piAure thrown upon the cloth may have 
the fame form, which is much preferable to a circu- 
lar aperture, through which the figures can never be 
completely feen tut when they are at the center of 
the glafs. It is furprifing that this imperfeftion has 
been fuffered to continue fo long, when it isfocafily 
remedied. 

placed 
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placed both in its focus, and in that of the 
concave mirror. 

On the fame fide place a piece of 
tin M N, of four inches and a half fquare, 
having an opening at the fides of about 
four inches and a half high, and a quarter 
of an inch wide. Through this opening 
or groove are to pafs the glafTes, on 
which are painted the figures that are 
to be feen on the cloth. In this tin piece^ 
and oppofite the glafs L, let there be an 
aperture of three inches and a quarter 
long, ^^d *^wo inches and a quarter high, 
to which muft be adjufted a tube O, of 
the fame form, and fix inches long. This 
tube is to be fixed into the piece M N. 
Another tube, fix inches long, and move- 
able, muft enter that juft mentioned, in 
which muft be placed two convex lenfes, 
P and Q ; that of P may have a focus of 
about three inches, and that of Q, whiqh 
is to be placed 3t the extremity of the tube, 
one of ten or twelve inches. The diftance 
D 2 between 
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between thefe glaffes is to be regulated by 
their foci. Between thefe glaffes there 
muft be placed a pafteboard R, in which 
is an aperture of an inch wide, and 4-5ths 
of an inch high. By placing this tube far- 
ther in or out of the other, the images on 
the cloth will appear larger or fmaller. 

From what has been faid of the prece- 
ding machines, the conftrudion of this will 
be eafily underftood. The foci of the con- 
cave mirror, and the lens L, meeting in 
the flame of the lamp, they together 
throw a ftrong light on the figures painted 
on the glaffes that pafs through the 
groove M N, and by that means render 
their colours diftind on the cloth. The 
rays from thofe glaffes pafling through the 
lens P are coUeded by the aperture in 
the pafteboard R, and conveyed to the 
lens Q, by which they are thrown on the 
cloth. 

The lantern being thus adjufted, you 
iQuft provide platesofclearglafs, of twelve 

or 
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or fifteen inches long, and three inches 
wide, which are to be placed in thin 
frames, that the may pafs freely through 
the groove M N, after being pointed in 
the manner we (hall now defcribe. 

Method of painting the glajfesfor the lantern. 

Draw on a paper the fubjed you in- 
tend to paint, and fix it at each end to 
the glafs. Provide a vai^nifh with -which 
you have mixed fome black paint, and 
with a fine pencil draw on jthe other fide 
of thp glafs, with very light touches, the 
defign drawn on the paper. If you are 
defirous of nlaking the painting as perfed 
as poflible, you fhould draw fome of the 
outlines in their proper colours, provided ' 
they are the ftrongeft tints of thofe colours 
that are ufed. When the outlines are dry, 
you colour the figures with their proper 
tints or degradations ; and thoft colours will 
not peel off, if you temper them with a 
D 3 flrbng 
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ftrong white vamifh*. You are then to 
fhade them with Hblacic mixed' with the 
fame varnifh, or white biftre, as you Jind 
convenient. You mayalfo leave ftrong 
lights in fome parts, without any colours, 
in order to produce a more ftriking effect, 
Obferve, in particular, not to ufe more 
than four or five colours, fuch as blue, 
red, green and yellow. You ftiould em- 
ploy however a great variety of tintsi, to 
give your painting a more natural air, 
without which they will reprefent vulgar 
objeds, which, are by no means the more 
pleafing becaufe they are gaudy. 

WTien the lamp in this lantern is light- 
ed, and by drawing out the tube to a pro* 
per length, the figures painted on theglafe 
appear bright and well defined, the fpec- 
tator cannot fail of being highly enter- 

* All thofe colours that are not terreftrial, as 
Pruffian blue, carmine, /:alcined verdigris, &c. may be 
ufed to advantage, when tempered with a proper 
varniih. 

tained 
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tained by the fucceffion of natural or 
grotefque figures that are painted on the 
gaffes. 

This piece of optics may be rendered 
mtichmpre amufing; and at the fame time 
more marvellous, by preparing figures to 
which different natural motions may be 
given *, which every one may perform ac- 
cording to hi? own tafte ; either by move- 
ments in the figures themfelves, or by 
painting the fubjed on two glafles, and 
pafRrig them at the fame time through the 
groove, as will be feen in the next Re- 
creation. 

> * There are in the Philofophical Effays of M. 
Mufchen&oek, different methods of performing all 
thefe various movements, by fome mechanical con- 
trivances tl^zX are not difficult to execute* 
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RECREATION X. 

To reprefent a tefnpejiy by the magic lantern ^ 

"PROVIDE two plates of glafs, whofe 
■^ frames are fo thin that they may both 
pafs freely through the groove of the lan- 
tern at the fame time. 

On one of • thefe glaffes you are to 
paint the appearance t)f the fea, from the 
flighteft agitation to the mod violent 
commotion. Reprefenting from A to B 
(PL IV. Fig. I.) a calm ; from B to C a 
finall agitation, with fome clouds ; and 
fo on to F and G, which Ihould exhibit a 
furious ftorm. Obferve that thefe repre- 
fentations are not to be diftind, but run 
into each other, that they may form a 
natural gradation ; remember alfo, that 
great part of the effed depends on the 
perfedion of the painting, and the pic- 
turefque appearance of the defign. 

On the other glafs (Fig. 2.) you arc to 
paint veffels of different forms and dimen- 

fions. 
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fions, and. in different difediions^ together 
with the appearance of clouds in the tem- 
pefluous parts, n 

You are then to pafs the glafs (Fig. i.) 
flowiy through the groove, and when you 
come to that part where the ftorm begins, 
you are to move the glafs gently up and 
down, which will give it the appearance 
of a fea that begins to be agitated ; and 
fo increafe the motion till you come 
to the height of the ftorm. At the fame 
time you are to introduce the other glafs 
with the fliips, and moving that in like 
manner, you will have a natural repre- 
fentation of the fea and of fhips in a calm 
and in a ftorm. As you draw the glafles 
flowiy back, the tempeft will feem to fub- 
£de, the fky grow clear, and the fhips 
glide gently over the waves. 

. This effed of the magic lantern muft 
certainly afford more pleafure and fur- 
prize; than to fee figures, frequently badly 

painted. 
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painted, appear one after the other in the 
midft of a luminous circle, as in a medal ; 
whofeform, befides being difguftful, pre- 
vents you from feeing any two figures, 
together, without the head and legs of 
one of them being entirely hid : an in- 
V convenience that is avoided by this new 
method, even when you make ufe of the 
common figures. 

By means of two glaffes difpofed in this 
manner you may likewjfe reprefent a 
battle, or fea fight, and numberlefs other 
fubjeds, that every one will contrive 
according to his own tafl:e. They may 
be alfo made to reprefent fome reniark- 
able or ludicrous adion between different 
perfons, and many other amufements 
that a lively imagination will eafily fug- 
,geft. The inftance we here give (fays 
M. Guyot) being intended merely as an 
example, and to fhew that this machine 
is capable of producing much more re- 
markable effeds than have been hitherto 

exhibited. 

RECRE- 
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RECREATION XI, 

I'he nebulous magic lantern. 

HP HE light of the magic lantern, and! 
-■• the colour of images, may not only 
be painted on a cloth, but alfo refleded by 
a cloud of fmoke. 

Provide a box of wood or pafteboard 
AB (PL IV. Fig. g.) of about four feet 
high, and of feven or eight inches fquare 
at bottom, but diminifhing as it afcends, 
fo that its aperture at top is but fix inches 
long, and half an inch wide. At the bot- 
tom of this box there muft be a door that 
ihuts quite clofe, by which you are to place 
in the box a chafing-difh with hot coals, on 
which is to be thrown incenfe, whofe 
fmoke goes out in a cloud at the top of the 
box. It is on this cloud that you are to 
throw the light that comes out of the 
lantern, and which you bring into a fmaller 
compafs by drawing out the moveable 

tube. 



44 RATIONAL 

tube. The common figures will here 
ferve. It is remarkable in this reprefen- 
tation, that the motion of the fmoke does 
not at all change the figures, which ap-* 
pear fo confpicuous that the fpedator 
thinks^ he can grafp them with his hand. 

Note, In thiij^ experiment fome of the 
rays paffing through the fmoke the repre- 
fetation will be much lefs vivid than on 
the cloth ; and if care be not taken to re- 
duce the light to its fmalleft focus, it 
.will be flill more imperfed. 

RECREATION XII. 

To produce the appearance of a phantom^ 
upon a pedejlal placed on the middle of a 
table. 

ENCLOSE a common fmall magic 
lantern in a box A B C D ( Plate 
IV. Fig. 4,) that is large enough to con- 
tain alfo an inclined mirror M, which 
muft be moveable, that it may refled 1;he 

cone 
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cone of light thrown on it by the lantern, 
in fuch manner that it may pafs out at the 
aperture made in the top of the box. 
There fhould be a flap with hinges to co^- 
ver the opening, that theinfide of the box 
may not be feen when the experiment is 
not making. This aperture Ihould like- 
wife be oval, and of a fize adapted to the 
cone of light that is to pafs through it. 

There muft be holes' made in that part 
of the box which is over the lantern, to let 
out th^ fmoke ; and over that part muft 
be placed a chafing-difh of an oblong 
figure, and large enough to hold feveral 
lighted coals *. 

There muft alfo be a glafs that will a- 
fcend and defcend at pleafure in the verti- 
cal groove a b. To this glafs let there be 

* This chafing-difh may be enclofed in a painted 
tin box of about a foot high, with an aperture at top 
fomething like Fig. 3. It (hould ft^nd on fourfhort 
feet, to give room for the fmoke of the lamp to pafs 
out* -^ 

fixed 
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fixed a cord, that, going over a pulley c^ 
paffes out of the box at the fide CDj by 
which the glafs may be drawn up, and 
will defcend by its own weight* 

On this glafs may be painted a fpedre, 
or any other more pleafing figure: Ob- 
ferve that the figures muft be contraded 
in drawing, as the cloud of fmoke does 
not cut the cone of light at right angles, 
and therefore the figures will appear 
longer than they do on the glafs. 

After you have lighted the lamp in the 
lantern, and put the mirror in a proper 
diredion, you place the box or pedeftal 
ABCD on a table, and putting the chafing- 
difli in it, throw fome incenfe in powder 
on the coals. You then open a trap door, 
'and let down the glafs flowly; and when 
you perceive the fmoke diminifh you draw 
Wp the glafs, that the figure may difappear, 
and ihut the trap door. This appearance 
will occafion no fmall furprize, as the 

fpecftre 
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fpedre will feem to rife gradually out of 
the pedeftal, and on drawing up the glafs 
will difappear in an inftant. Obferve, 
that when you exhibit this Recreation you 
muft put out all the lights in the room ; 
and the box Ihould be placed on a high 
table, that the fpedators may not per- 
ceive the aperture by which the light 
comes out. Tho' we have mentioned a 
finall magic lantern, yet the whole appa- 
ratus may be fo enlarged, that the phan- 
tom may appear of a formidable fize. 

By having glaffes properly painted, you 
may alfo produce the image of a flower, 
or a card, &cc. like one you have burnt, 
and caft the afhes into the fire with the 
incenfe, and by that means pretend to 
make the image rife out of the afhes; 
with many other devices that every one 
may contrive of that kind which Ihall 
pleafe him beft. 



RECRE- 
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RECREATION XIIL 

The magical theatre. 

BY making fome few additions to the 
magic lantern with the fquai'e tube*, 
ufed in the • ninth Recreation, various 
fcenes, characters, and decorations of a 
theatre may be lively reprefented. 

Let there be made a wooden box ABCD 
(Plate IV. Fig. 5.) a foot and a half long, 
fifteen inches high and ten wide. Let it 
be placed on a ftand E F, that muft go 
round it, and by which it may be fixed 
with two fcrews to a table. Place over it 
a tin cover, as in the common lantern. 

Make an opening in its two narroweft 
fides ; in one of which place the tube H, 

* It is quite neceffary to make the lantern much 
larger than common, that the objefts pahited on the 
glaffes, being of a larger fize, may be reprefented with 
greater precifion, and confequently their feveral 
characters more ftrongly marked. 

and 
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and in the other the tube I ; let each of 
them be fix inches wide, and five inches 
high ; in each of thefe tubes place ano- 
ther that is moveable, in order to bring 
the glafles, or concave mirror, that are 
contained in them, to a proper diftance ; 
as will be explained hereafter. 

In the middle of the bottom of this 
box place a tin lamp, M, which muft 
be moveable in a groove, that it may be 
placed at a proper diftance with regard 
to the glafles and mirror : this lamp 
fliould have five or fix lights, each of 
them about an inch long. 

At the beginning of the tube H, toward 
the part N, make an opening of an inch 
wide, which muft crofs it laterally : an* 
other of three quarters of an inch, that 
muft crofs it vertically, and be nearer the 
box than the firft ; and a third of half an 
inch, that muft be before the firft. 

. The opening made laterally muft have 

three or four grooves, the fecondtwo, and 

Vol. II. E the 
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the third one : that dilFerent fubjeds of 
figures and decorations may be paffed, 
either fideways, afcending, or defcending, 
fo that the fcenes of a theatre may be 
the more exadly imitated*. Enclofe thefe 
grooves between two convex redangular 
glaffes, of fix inches long, and five inches 
high, and of about twenty inches focus ; 
one of which mufl: be' placed at O, and 
the other toward P. Have another tube 
Q, of about a foot long, which mufl: en- 
ter that marked H ; and at its outward 
extremity place a lens of about fifteen 
inches foctis. 

There muft alfo be a third tube R, 
four inces long, which is to enter that 
marked I : to the exterior end of this ad- 
jufl: a concave mirror, whofe focus muft 
. be at feven or eight inches from its re- 
fleding fur face. 

* In the decorations, the clouds and the palaces 
of the Gods fhould defcend ; caves and infernal pa- 
laces fhould afcend ; earthly palaces, gardens, &c. 
enter at the fides* 

This 
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This magic lantern being thus adjufi- 
ed, nothing more is neceffary Ihan to prb- 
vide glaffes, painted with fuch fubjedsas 
you would reprefent, according to the 
grooves they are to enter. The lamp is 
then to be lighted, and placing a glafs in 
one of the grooves, you draw out the 
moveable tubes till the objed paints itfelf 
on a cloth to the moft advantage : by 
which you determine the diftance of the 
lantern, and the fize of the image. You 
then make a hole in the partition of that 
flze,' and fix in it a plate of clear glafs^ 
over which you pafte a very thin paper, 
which muft be varhilhed, that it it may b6 
as tranfparent as poffible. 

It is on this paper that are to be exhi- 
bited the images of all thofe objeds, that 
by palting fucceffively through the grooves, 
are to reprefent a theatric entertainment: 
This exhibition will be the more agree- 
able, as the magic lantern being cdnceal- 
• td behind the partition, the caufe of the 

E 2 illufion 
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illufion cannot by any means be dis- 
covered. 

In order to Ihow more clearly in what 
manner a fubjed of this fort fliould be 
painted, and the glaffes difpofed, we will 
hexe make choice of the liege of Troy, 
for a theatric fubjed ; in which will be 
found all the incidents neceffary to the 
exhibition of any other fubjed whatever* 

In the firft ad, the theatre may repre- 
fent, on one fide the ramparts of Troy, 
toward the back part the Grecian camp, 
and at a farther diftance, the fea and the 
ifle of Tenedos. We will fuppofe the 
time to be that when the Greeks feigned 
to raife the fiege, and embarked, leaving 
behind them the wooden horfe, in which 
were contained the Grecian foldiers. 

* ' On a glafs, therefore, of the fame width 
with the aperture made in the fide AC of 
the box, you are to paint a deep blue cur- 
tain. 
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tain, lightly charged with ornaments, 
quite tranfparent. This glafs is to be 
placed in the firfl: ventricle groove, fo 
that by letting it gently down *, its image 
may appear to rife in the fame manner as 
the curtain of a theatre. 

You muft have feveral glafles of a pro- 
per fiize to pafs through the horizontal 
grooves, and of different lengths accord- 
ing to the extent of the fubjed. You may 
paint, 

On the. firft the walls of Troy, 
On the fecond the Grecian camp. 
On the third, thefea, theifleof Tene^ 

dos, and a ferene Iky- 
On the foifrthj the Grecian troops, by 

(detached figures. 

On the fifth, other troops, difpofed in 

battalions, and placed at a diftance. 

* All the glafles that are to rife and defcend muft 
be. bordered with thin pieces of wood, and fo fxaftly 
fill the grooves, that they may not Aide down of 
themfelves, 

£3" On 
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I On the fixth, idivers veffels, which, as 
the glafs advances in the groove, diminifti 
in Ijze. 

On the feventh the wooden horfe and 
Sinon- 

On the eighth, Trojan men and wo- 
men. 

Thefe glaffes being properly painted *, 
you place in the hori2^ontal groovjss the 
firft, fecond, third, aiid fourth. Then 
draw up the curtain, by letting down the 
glafs on which it is painted, and draw a-r 
way gentfy the fourth glafs, and after 
that the fecond ; then advance, very gent- 
ly,' the fifth, that reprefents the embark- 
ment, and pafs'it quite through. Next 
pafs, the oppofite way, the fixth, which 
reprefents the Grecian fleet. The objeds 
painted on the fourth, fifth, and fixth 
quite difappearihg, you are to advance 
the feventh, on which is painted the 

^ Unlefs you can procure glaffes well j^ainted, it 
were better to reprefent fome comic fubje6l, w^ierQ 
pommon paintings may fuffice. 

wooden 
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wooden horfe, and sit the fame time the 
eighth, where the Trojans will appear to 
draw the horfe into the city. The Ciir- 
tain is then to be let down, that you may 
withdraw the fcenes of the firft aA, and 
place in the grooves thofe that are to com- 
pofe the fecond. 

In the fecond adi may be reprefented 
the interior part of the city of Troy : on 
one fide may be feen the wooden horfe, 
and in the back part the temple of Pallas^ 
The glaffes for this ad may be painted in 
the following manner. 

On the firft may be palaces and houfes, 
reprefenting the infide of a city. 

On the fecond, the temple of Pallas 
in the centre, with a clear night and the 
moon. In the front may be feen the 
wooden horfe, that the Trojans have 
placed near the temple of Pallas, 

On the third, a troop of Greeks, with 

Sinon at their head, who are going to, 

E 4 opea 
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open the gates of the city to the Gre- 
cians. 

On the fourth, different troops of arm- 
ed Greeks ; painted on a long glals, to 
aflford variety. 

On the fifth, feveral troops of Trojans. 

On the fixth, various appearances of 
fire and fmoke, fo difpofed that this glafs 
being drawn up above the others, the ob- 
jeds painted on the firft glafs, may appear 
in a conflagration. 

Before you draw up the curtain you 
fliould place the firft and fecond glaffes. 
You then pafs the whole third glafs flowly 
^ little after, the fourth, on which are 
painted the different bodies of armed 
Greeks, and at the fame time, from the 
oppofitefidcj the fixth glafs, that repre- 
fents the Trojan troops; obferving to 
move them flowly both in advancing and 
retreating, to imitate a combat *. Then 

* He that moves the glaffes, feeing the effeft they 
produce, is the better able to render the repre- 
fentation as natural as poffible. 

draw 
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draw up, by degrees, the lixth, on which 
are painted the fire, flame, and fmoke, fo 
that the palaces and houfes painted on the 
firft glafs, may appear to take fire gra- 
dually, *^nd at laft prefent a general con- 
flagration. After having reprefented 
thefe incidents with the greateft atten- 
tion, you let fall the curtain to prepare 
for the third ad. 

In the third ad may be reprefented the 
infide of Priam's palace, where is feen an 
altar, round which feveral Trojan princefTes 
appear, who have fled thither for fafety. 

On the firft glafs may be painted the 
palace. 

On the fecond, a view of the back part 
of the palace, with the altar. 

On the third, Priam with feveral Tro- 
jan men and women. 

On the- fourth, Pyrrhus, and a troop 
of Greeks. 

On the fifth, the fame adors, with the 
palace in flames. 

On 
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On the fixth, A conflagration. 

The two firft glaffes which are to be 
dr^wn up, fhould be placed before you 
raife the curtain. Then pafs the third ; 
next advance the fourth, whicn being 
drafWn up, difcovers on the fifth the palace 
in flames, then drawing up the fixth, let 
down the firft, that the palace may 
appear entirely deftroyed by the confla- 
gration. 

The fourth ad may reprefent the en- 
virons of Troy, with a diftant profped of 
the fea. The firft; and third glaffes of the 
firft ad may be here ufed, to which may 
be added a third, reprefenting Eneas bear- 
ing his father Anchifes, followed by his 
fon lulus, and fome Trojans. With thia 
glafs may be reprefented the flight of the 
Trojans, and the embarkment of Eneas, 
with another glafsj on which are painted 
certain veffels. 

To this ad the following fcenes may be 
added. The cave of -^olus; the back 

part 
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part of the cave; iEolus; the winds; 
Jtino in her chkriot. 

The fifth ad fliould reprefentthe open 
fea, with the fleet of Eneas failing for 
Italy. 

On thefirftglafs muft be painted the 
fea> as in the tenth Recreation, or elfe 
the waves fhould be imitated by another 
glafs under the firft. 

On the fecond, The Ti^ojan fleet. 

On the third, Neptune in his car. 

On the fourth, the palace of Jupiter, 

On the fifth, the infide of the palace ; 
the Gods aflembled in council, with Ve- 
nus, obtaining leave of Jupiter for Eneas 
to land in Italy* 

After having placed the firfi glafs, that 
reprefents a calm fea, the curtain is raifed, 
and the fecond fcene is advanced, which 
contains the Trojan fleet- The firft is 
then brought forward, to repreferit a vio- 
lent 
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lent tempeft : then railing the third glafs^ 
Neptune appears, who commands the 
waves to be ftill, which is done by mak- 
ing the tempeft fubfide by degrees. The 
fleet then advances, and pafles over the 
whole theatre : prefently after the fourth 
and fifth fcenes defcend, that reprefent 
Olympus, and finilh the exhibition. 

Note. We muft here repeat, that if you 
would reprefent a fubjed of this fort to 
advantage, it is quite neceffary that the 
glafTes be well painted : and thofe that are 
to be in front, fhould be in ftronger and 
more opaque colours, that the images 
of thofe behind may not appear mixed 
with them, \yhich will be the cafe if they 
are all equally tranfparent. 

. The glaffes fhould alfo be of different 
lengths, that fome being ^placed before 
the others are drawn away, their extre- 
mities may not be perceived. 

The 
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The larger thefe fubjeds are reprefent- 
ed the better effed they will have : the 
front of the theatre Ihould appear to be 
about three feet wide : and, as we have 
faid elfewhere, if fome parts of the figures 
were moveable it would ftill add to the 
variety of the entertainment. 

This and moft of the otherHecreations 
we have here giveij in the two firft parts 
of Optics, appear to have been invented 
by M. Guyot, who has taken no fmall 
pains in the improvement of this fort of 
recreations. 
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CATOPTRICS. 

r^ATOPTRICS is that part of optics 
which explains the properties of re- 
flected light, and particularly that which 
is refleded from mirrors. 

DEFINITIONS. 

1. Every polifhed body that reflects 
the rays of light is called a mirror, whe- 
ther its furface be plane, fpherical, coni- 
cal, cylindric, or of aiiy other form 
whatever. 

2. Of mirrors there are three principal- 
ly ufed in optical experiments, which are, 
the plane mirror, GHI, (Plate V. Fig. i.) 
the fpherical convex mirror, GHI, (Plate 
V. Fig. 2.) and the fpherical concave mir- 
ror, GHI, (Plate V. Fig. 3.) 

3. The point K, (Plate V. Fig. 2 and 3.) 
round which the refleding furface of a 
fpherical mirror is defcribed, is called its 
centre. The line K H, drawn from its 

ceJitet 
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center perpendicular to its two furfaces, 
is the axis of the mirror, and the point 
H, to which that line is drawn, is its 
vertex. 

4. The diftance between the lines A G 
and BG, (Plate y. Fig. i.) is called the 
angle of incidence, and the diftance be- 
tween B G and C G is the angle of 
reflexion. 

APHORISMS. 
I. In a plane Mirror. 

1. The image DR (Plate V. Fi. i.) 
will appear as far behind the mirror, as 
the objed A C is before it. 

2. The image will appear of the fame 
fize, and in the fame pofition as the 
objed. 

3. Every fuch mirror will refled the 
image of an objed of twice its own length 
and breadth. 

4. If the objed be an opaque body, and 
its rays fall on the mirror nearly in dired 
lines, there will be only one image vifible, 

which 
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which will be reflededby the inner furface 
of the glafs. But 

5 . If the objed be a luminous body, and 
its rays fall very obliquely on the mirror, 
there will appear to an eye placed in a pro- 
. per pofition, feveral images ; the firft of 
which, reflected from the outer furface of 
the glafs, will not be fobright as the fecond, 
reflected from the inner furface. The fol- 
lowing images, that ate produced by re- 
peated refledions of the rays between 
the two furfaces of the glafs, will be in 
proportion^ lefs vivid, to the eighth or 
tenth, which will be fcarce vifible. 

11. In a Spherical Convex Mirror. 

1. The image DF, (Plate V. Fig. 2.) 
will always appear behind it. 

2. The image will be in the fame poifi- 
tion as the objed. 

3. It willbe lefc than the objed. 

4. It will be curved, but not,' as the 
mirror, fpherical. 

5. Parallel rays falling on this mirror 
will have the focus or image at half the 

diftance 
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diftanceof the center K, from the mir- 
ror. 

6. In converging rays, the diftance pf 

the objed rhufl be equal to half the di- 
ftance of the center, to make the image 
appear behind the rafirror. 

7. Diverging rays will have their image 
at lefs than half the diftance of the center. 
If the objecfi be placed in the<:enter of the 
mirror, its ijnage will appear at one-eighth 
of that diftance behind it. 

III. In a Spherical Concave Mirror. 

1 . That point where the image appears 
of the fame dimenfions as the objed, is 
the centier of that mirror. 

2. Parallel rays will have their focus at 
one half the diftance of the center. 

3. Converging rays will form an image 
before the mirror. 

4. In diverging rays, if the objed be at 
lefs than one half the diftance of the cen- 
ter, the image will be behind the mirror, 
ered, curved, and magnified, as DEF 
(Plate V. Fig. 3.) but if the diftance of the 
objed be greater, the image will be before 

Vol. II. F the 
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the mirror, inverted and diminifhed, as 
DEF, (Plate V. Fig.4.) 

5. The fun*s rays falling on a concave 
mirror, and being parallel, will be col- 
leded in a focus at half the diftance of its 
center, where their heat will be augment- 
ed in proportion of the furface of the 
mirror to that of the focal fpot. 

6. If a luminous body be placed in 
the focus of a concave mirror, its rays 
being refleded in parallel lines, will 
ftrongly enlighten a fpace of the fame di- 
menfion with the mirror, at a great di- 
ftance. If the luminous objed be placed 
nearer than the focus, its rays will di- 
verge, and confequently enlighten a lar- 
ger fpace*. 

IV. In all plane and fpherical mirrors 
the angle of incidence is equal to the 
anglq of refledionf. 

• It is oa this principle that reverberators are 
Cpnftru6led. 

t This aphorifm holds true of cylindric mirrors- 
alfo, and of thofe whofe furfaces are eliptical, para- 
bolic, kc* 

R E C R E- 
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RECREATION XIV. 

"The boundlefs gallery. 

CONSTRUCT a Jox AB, Plate Vl. 
Fig. I . of about a foot long, eight 
inches wide, and fix high ; or what »other 
dimenfion you ftiall think fit, provided 
it does not greatly vary from thefe pro- 
portions. 

On the infide of this box, arid againft 
each of its oppofite ends A and B, place 
a mirror of the fame fize. Take off the 
quickfilver from the mirror that yoii place 
at B, for about an inch and an half, at the 
part C, where you are to make a hole iii 
the box of the fame fize, by which you 
may eafily view its infide. Cover the top 
of the box with a frame, in which muft 
be placed a tranfparent glafs, covered with 
gauze, on the fide next the inner part of 
the box-. Let there be two grooves at the 
parts E and F to receive the two painted 
fcenes hereafter mentioned. On two pieces 
F2 of 
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of cut pafteboard let there be ftilfuUy 
painted on both fides (fee Fig- 2. and 3.) 
any fubjed you think proper ; as woods, 
gardens, bowers, colonades, &c. and on 
two other pafteboards, the famefubjedsoo 
one fide only ; obferving that there ought 
to be in one of them Ibme objed relative 
to the fubjed placed at A, that the mirror 
placed on D may not refled the hole at Q 
on the oppofite fide. 

Place the two boards painted on both 
fides (Fig. 2. and 3.) in the grooves E 
and F ; and thofe that are painted on one 
fide only, againft the oppofite mirrors C 
and D ; and then cover the box with its 
tranfparent top. This box fliould be 
placed in a fl:rong light to have a good 
effed. 

When the eye is placed at C, and views 
the objeds on the infide of the box, of 
which fome, as we have faid, are painted 
on both fides, they are fucceflively refled- 
ed from one mirror to the other ; and if, 

for 
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for example, the painting confifts of trees, 
they will appear like a very long vifta, of 
Which the eye cannot difcem the end : for 
each of the mirrors repeating the objeds, 
continually more faintly, contribute great- 
ly to augment the illufion. 

RE CR II AT ION XV. 

I'hefaur magical mirrors. 

nnAKE a fquare box ABCD, (Plate VL 
-*• Fig. 4 . ) of about fix inches long, arid 
twelve high*; cover the infide of it with 
four plane mirrors, which muft be placed 
perpendicular to the bottom of the box 
CHFD. 

Place certain objeds in relief on the bot- 
tom of this box; fuppofe, for example, a 
piece of fortification, (as Fig. 5.) with 
tents, foldiers, &c. or any other fiibjed 

* We do not mean to limit the box to this fizc ; 
any other may be ufed, provided, however, that it 
kavfi nearly the fame proportions. 

F 3 that 
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that you judge will produce an agreeable 
efFed by its difpofition, when repeatedly 
refleded by the mirrors. ' V 

On the top of this box place a frame of 
gUfs, ii:i form of the bottom part of a py- 
ramid, whofe bafe AGEB, is equal to 
the fize of the box : its top ILMN, muft 
form a fquare of fix inches, and fliould 
not be more than four or five inches higher 
than the box. Cover the four fides of 
this frame with ^ g^uze, that the infide 
may not be vifible but <^t the top ILMN, 
which Ihould be covered with a tranfpa- 
rent glafs. 

When you look into this box through 
the glafs ILMN, the mirrors that are 
diametrically oppofite each other, mu- 
tually refleding the figures enclofed, the 
eye beholds a boundlefs extent, complete- 
ly covered with thefe objeas ; and if tfiey 
are properly difpofed, as in the example 
^ere given, ip Fig- 5. the illufion will 

occafion 
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occafion no fmall furprize, and aflFord 
great entertainment. 

Note, The nearer the opening ILMN 
is to the top of the box, the greater will 
be the apparent extent of the fubjed. 
The fame will happen if the four mirrors 
placed on the fides of the box be mor^ 
elevated. . The objeds, by either of thefe 
difpofitions, will appear to be repeated 
nine, twenty-five, forty-nine times, &ic. 
by taking always the fquare of the odd 
, numbers of the arithmetic progreffion 3, 
5, 7, 9, &:c. as is very eafy, to con- 
ceive, if we remember that the fubied 
enclofed in the box is always in the cen- 
ter of a fquare, compofed of feveral others, 
equal to that which forms the bottom of 
the box. 

Other pieces of the fame kind (that is 
viewed from above) may be contrived^ 
in which mirrors may be placed perpen- 
dicular on a triangular, pentagon, or 
F 4 hexagon. 
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hexagon (that is, a three, five, or fix-fided) 
plane. All thefe different difpofitions, 
properly direded, as well with regard to 
the choice as pofition of the objeds, will 
conftantly produce very remarkable and 
pleafing illufions. 

If inftead of placing the mirrors per- 
pendicular, they were to incline equally, 
fo as to form part of a reverfed pyramid, 
the fubjed placed in the box would then 
have the appearance of a very extenfiv6 
globular or many-fided figure- 
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"The enchanted palace. 

ON the hexagonal or fix-fided plane 
ABCDEF (PL VII. Fig- i .) draw fix 
femi-diameters GA, GB, GC, GD, GE, 
GF, apd on each of thefe place, perpen- 
dicularly, two plane mirrors, which muft 

join 
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join exadly at the center G*. Decorate 
the exterior boundary of this piece (which 
is at the extremity of the angles of the 
hexagon) with fix columns, that at the 
fame time ftrve to fupport the mirrors, by 
grooves formed on their inner fides. (See 
the profile. Fig. i .) Add to thefe columns 
their entablatures, and cover the edifice in 
fuch manner as you fliall think proper^ 

In each one of thefe fix triangular fpaces, 
contained between two mirrors, place 
little figures of pafteboard, in relief, 
reprefenting fuch objeds as when feen in 
an hexagonal fotm will produce an agree- 
able effed* To thefe add fmall figures of 
enamel ; and take particular care to con- 
ceal, by fome objed that has relation to 
the fubjed, the place where the mirrors 
join, which, as we have faid before, all 
meet in the common center G. 

* Thefe mirrors, placed back to back, muft be as 
thin as pofiible. 

■ *. - -^ 

When 
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When you look into any one of the 
fix openings of this magical palace, the 
objeds there contained being repeated fix 
times, will feem entirely to fill up the 
whole of the building. This illAifion will 
appear very remarkable ; efpecially if the 
objeds made choice of are properly adapt- 
ed to the effed that is to be produced by 
the mirrors. 

Note, if you place between two of thefe 
mirrors part of a fortification, as a cur- 
tain and two demi-bstftions, you will fee an 
entire citadel, with its fix baftions. Or if 
you place part of a ball room, ornament- 
ed with chandeliers and figures in enamel, 
all thofe objeds being here multiplied 
will afford a vef y pleafing profped. 
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RECREATION XVIL 

To draw an irregular figure^ which JHdl 
appear regular when viewed in a plane 
mirror 

pvIVIDE the fquare ABCD (PL VIL 
*^ Fig, 2) into fuch number of leffer 
fquares as you ftiall think proper, and 
then draw on it the fubjed you would re- 
prefent. Make the line G F (Fig. 3.) 
equal to a fide of the fquare ABCD; and 
after having divided it into two equal 
parts at the point E, through that point 
draw the indefinite line AB, which' muft 
cut the line G F at right angles. Take 
any two points in the line A B, as A and 
B, equally diftant from the point E, and 
draw from the point A the lines A C and 
AD, which you muft continue till they 
meet the line CD, parallel to G F. 

On the point A draw A H perpendicu- 
lar to A B,-^nd of afi equal length with the 

line 
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line C D, that is double of that which 
forms a fide of the fquare A B C D. 

Divide the line CP into as many 
equal parts as there kre in a fide of the 
fquare ABCD, and from the point A 
draw the lines A a, Ab. From the poiAt 
of view' H, dritw the line H D, which by 
cujtting the lines A d:, A B, Aft, will £how^ 
you the points of the fedion from which 
you are to draw the lines /^, parallel to 
GFandCD. 

Then tranfpofe on the trapezium, or 
irregular four-fided figure, GFCD ^which 
will be divided into as many perfpedive 
fquares as there are natural fquares in Fig. 
I. ABCD) the defign traced on that 
fquare ; and on the line F G, place per- 
pendicularly a mirror of an equal fize with 
that fquare^ The diftorted figure traced 
on the trapeziumGCFD being then viewed 
in the mirror from a point elevated per- 
pendicularly over the point B^ t# the height 

of 
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of CD, will appear exadly fimilar to that 
traced on the fquare A B C D. It will 
appear equally regular if the mirror be 
taken away, and it be viewed from the 
point H. 

Note, Before you colour the diftorted 
figure drawn on the trapezium, you 
fliould pafte it on a board of a paralleled' 
gram figure, whofe fides are equal to the 
lines EB and CD : and fill up the fpace 
beyond the trapezium with fuch figures 
as you fhall think proper, the better to 
difguife it : thefe extra figures will not 
appear in the mirror, if you have the 
precaution to raife at the point B a ftand 
that fhall bear a circle with a fmall hole, 
thro' which the objed is to befeen in the 
mirror. This contrivance will confide- 
tably augment the illufion. 
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The magical dial. 

ROCURE a dial-cafe as ABCD (PI. 
VIL Fig' 4.) ofthefizeof thofethat 
are commonly ufed to hold a watch. Let 
it be placed on a pedeftal CDEF, in which 
there muft be a finall drawer H, that can 
hold the plate ABCD, (Fig. 5.) on which 
plate draw the circle of hours E, and in 
the center let there be a magnetic needle, 
placed on the point of an axis, which, 
paffing through the plate, carries on its 
other point an artificial magnet, that mufl 
be concealed in the part imder the 
plate* 

Place at the bottom of the dial cafe, at 
the part I, another dial, the hours of 

* The magnetic needle itfelf may do, if it be not 
too far from the bther dial. That this needle may not 
be fufpeftedof having been touched it maybe gilt, fo 
as to appear like brafs^ 

which 
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which are to be reverfed, as it is expreffed 
in Fig. 6. and whofe hour of twelve muft 
be placed next the front of the cafe G. 
Adjuft a pivot to the center of this plate, 
and fix on it a magnetic needle. 

Cover the openings at the fides of the 
front of the dial-cafe (except where the 
dial appears) with a glafs lined with gau?e 
on the infide, that the light may pafs in 
and illumine the dial that is there placed. 
Towards the top of the dial-cafe place an 
inclined mirror L M ^ which by refleding 
the dial placed at the bottom of the cafe, 
will make it vifible at the part N, where 
you muft adjuft a circle of pafteboard, 
that bordering the part where the dial 
appears, and being placed on the infide^ 
will prevent the borders or the back part 
of the mirror from being feen. 

Matters being thus adjufted, when the 
hand of the dial (Fig. 5.) is fet to any hour, 
and it is placed in the drawer, fo that the 

hour 
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hour of twelve may be next the ring by 
which it is pulled ^out, the hand of the 
other dial, placed at the bottom of the 
cafe, will dired itfelf to the fame hour» 
and by looking at the part N, you will 
fee by the refledion of the mirror, the 
hour appear in the front of the dial plate. 

Give the dial (Fig. 5.) to anyone, and 
tell him to fet the hand privately to any 
hour he pleafe, and then place it in the 
drawer, only obfei^ving that the hour of 
twelve be next the ring, and he will then 
fee that the hand of the dial at toj) will 
dired itfelf to the fame hour. 

Note, If attention be had to place the 
dial-cafe fo on the table, that the hand of 
the dial which is concealed (and which 
will of itfelf turn towards the north, when 
the other dial is not under it) dired itfelf 
to the prefent hour when the ejcperiment 
jis making, it will appear the more extraor- 
dinary ; 
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dinajry; becaufe, when the drawer is takeii 
away 5 it will again turn to theprefantJiour, 
which will render the caufe of the illufioit 
ftill more myfterious; 



L 
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"The box of divinatidn. 

ET a bcix be made with hinges, like 
ABCD (PL VIII. Fig; I.) of about 
tight inches long, two wide, and half an 
inch thick; divide the infide of it intd 
four equal parts, by fmall partitions. 
Have four fmall cafes E, F, G, H, which 
will each of them fit any of the divifions^ 
and in each of them you muft fix a fmall 
artificial magnet, whofe poles are to be 
placed as is expreffed in the figure. C6^' 
ver thefe cafes with pafteboard or V6ry 
thin -ivory, on which you are to write 
any four figures you fhall think fit. ^ 

To a table IL, whofe wood is not too 

thick, fit a drawer, at the bottom of which 

Vol. II. G muft 
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muft be placed an inclined mirror M N, 
of the fame length and breadth with the 
box juft mentioned. Under the board 
that forms the top of the table, and to- 
ward the fide where the drawer opens, 
place a fmall brafs rod, turned up at its 
extremities, and on which there muft be 
four pivots, at the fame diftance from 
each other as are the centers of the cafes 
placed in the box. Thefe pivots are to 
fupport four circles of pafteboard PQR S 
(Fig. 2, and 3.) which muft each of them 
have a magnetic needle. 

Obferve, that the figures on the pafte- 
board muft not only be reverfed, but muft 
be wrote on the under fide, next the bot- 
tom of the drawfers, that when it is opened 
they may be feen in the mirror there 
placed. Have regard alfo to the difpofi- 
tion of the poles of the needles, in the 
manner as is clearly expreffed in the third 
figure. 

Matters 
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Matters being thus prepared, when you 
have placed on the table the box and the 
four numbers there included, fo that they 
may be exadly over the four circles of 
pafteboard concealed in the drawer, that 
is, that the centers of the one may be pre- 
cifely over the centers of the other, the 
needles on the circles will conform them- 
felves exadly to the magnets in the cafes; ^ 
fo that if an inftant after having placed 
^ the box, you open the drawer fo far as 
to fee the mirror, you will there perceive 
the number that the four figures on the 
cafes make. 

Then give the box and the four cafes to 
any one, and tell him to form privately 
any number, by placing the cafes in what 
order he fliall think fit, and return you the 
box firmly clofed. You then place it on 
the table over the circles, and opening the 
drawer, under pretence of taking out an 
opera-glafs, you call your eye on the mir- 
ror, and obferve the order of the figures 
G 2 there 
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there expreffed. You then fhutthe A-twer, 
and retiring to a diftance, pretend to difr 
cem, by the opera-glafs, the number you 
have obferved. 
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7'he magical perfpe^ives 4 

AT the bottom of an heptagonal or fc- 
ven-fided box, as ABCDEFG, 
(PI. VIIL Fig. 4.) of about eight inches 
diameter and an inch and a.n half deep#. 
Place a circle of pafteboard, of five inches 
and a half diameter, very light and move- 
able, on a pivot fixed in the center H : . on 
this circle fix a ftrongly magnetic needle I, 
and divide the circle into 2 1 equal parts, 
as is expreffed in Fig, 7. The top of the 
box is to be covered with glafs, over which 
you muft pafte a fheet of very fine paper, 
painted the famre colour with the box, and 

* This box (hould be fo cofiftrufted as to appear 
to be the pedeftal to the three perfpeftives hereafter 
defcFibeda. 

Var- 
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yarniflied, that the light may eafily pafs 
through it, and illumine the objects #bich 
are to be wrote or painted^ on the pafte- 
board circle. On the middle of the top 
of this box ered a column I (fee Fig. 5.) 
fupported on a pedeftal M, and crowned 
with its capital N. 

In the glafs that covers the box there 
muft be three circular holes, at eqtial di* 
fiances from each other, as O, P, Q, eaeh 
of them three fourths of an inch in dia^ 
meter, and on each muft be fixed, im- 
moveable, a perfpecSive glafs, like that in 
the fixth figure: of this plate. 

Conjiru&ton of the perfpeSwe glaji. 

Provide a ftand of wood A (Fig. 6.) in 

.which a hole is ittade from tc>p to bottom, 

.of 3-4 ths of an inch in diameter; on this 

ftand place the perfpe^ve BC^ which 

muft have a fecond tube D, like the com- 

moA glaffes. In the larger part of it F, 

G3 th^r^ 
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there muft be a finalleir oval mirror E, 
which mclines or is elevated as the tube 
D is thruft in or drawn out. Let there 
be a circular hole at that part of the 
tube which refts on the ft and A, that 
when the mirror is inclined, you may fee 
through the ftand of the perfpedive any 
objed that fliall be placed in the box, 
under one of the holes DPQ*. Let 
the three perfpedives fo conftruded be 
placed, immoveable, over thofe^ three 
holes. 

The combinntion of ohjeSts that may be drawti 
on the moveable circle in the box. 

This circle is to be divided, as we have 

faid, into 21 equal parts, and each of thefe 

'divifidns muft appear ilnder each of the 

openings 0,P, Q, as the circle turns round 

on its pivot. 

* At the bottom of the ftand of each perfpeftive 
there may be placed a lens of five or fix inches in 
diameter, to magnify the objeft. 

You 
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You are to determine what three objeds 
you would have appear under the three 
perfpedives ; and fuppofing, for example, 
that they are reprefented by the numeral 
figures 1,2, and 3, you will find that thefe 
three figures will admit of fix combina- 
tions or different difpofitions, as 

1,2,3. ^3»2. 2,1,3. 2,3,1. 3,1,2. 3,2,1*. 
Then place the numbers, or the objeds 
they reprefent, in fuch order that the firft 
number, i , of the firft combination, i ,2,3, 
may be in the firft divifion A, of the circle, 
(fee Fig. 7.) the fecond number, 2, in the 
eighth, and the third number, 3, in the 
fifteenth divifion : that the firft number, 
I, of the fecond combination, may be 
placed in the fecond divifion B ; the fe- 
con^i number, 3, in the ninth divifion ; and 
the third numtber, 2, in thefixteenth divi- 
fion, &c. Having thus filkd up eighteen of 
the divifions with the fix cpmbinations 
of numbers, the other three are to be left 
blank. 

* See vol. I. page 9. aphorifm 16. 

G4 The 
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The circle being thus prepared, is to be 
placed on its pivot, and to one of the 
feven fides of the box (Fig. 4.) is to be 
adjufted a lever or flop, that being let 
down on the circle, at pleafure, may pre- 
vent it from turning. 

When the three perfpedives are placed 
on the box, and turned toward the column 
ereded on its center, if the fmalleft tube 
be thruft in, it raifes the mirror that is con- 
tained in each of them, and, by the hole 
B the column is feen. If on the contrary 
the fmall tube be drawn a little way out, 
the mirror becomes inclined, and youthen 
fge one of the three objeds that ^re placed 
in the box, under each opening in the 
ftandsof theperfpedive, and thefe objeds 
will neceffarily appear in the order of one 
of the fix combinations of which they are 
alone fufceptible. 

By placing the box on the table, 
in which a magnetic bar, fix inches 

long, 
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long*, muft be concealed, and whofe di- 
redion you know, you may eafily make 
the three objeds above mentioned appear 
oppofite the three holes O, P, Q, with 
all their changes; for ftothing more is 
neceflary than to place the box according 
to a mark that is on the table, oppofite to 
which you are to place one of its feven 
fides ; and by letting down the private 
check you keep the circle fixed. 

The amufements that are to be made 
with thefe perfpeftives may be varied ac- 
cording to the number of different objeds 
that can be placed on the moveable circle. 
We fliall content ourfelves here with giv- 
ing an example in numbers, which maybe 
applied to any other fubjed, the diffe- 
rence of objeds making not the leafl diffe- 
rence in the manner of performing this 
Recreation ; which, when well executed, 

* This bar ftiould be ftrongly impregnated, ^hat it 
inay r eadily turn the paft^board circle. 

never 
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never fails to excite the higheft admi- 
ration. 

Firft then, you are fo to place the move- 
able circle, that the three divifions on 
which there is nothing wrote may appear 
under the three holes O, P, Q*, and the 
fmall tube of the perfpedives is to be 
fo difpofed that the mirrors on the infide 
may incline to forty-five degrees f, and re- 
fled the objeds placed under thofe holes. 
The perfpedives being thus difpofed, they 
are placed on the table, and liberty is given 
thofe that defire it, to look into them, as 
they can then feenoobjed. You are then 
to prefent to three diflferent perfons, three 
fuch objeds as you ftiall think proper J ; 

* This muft be done privately, by means of the 
check, before the machine i& brought to the table. 

t That is, be half way between a line drawn perpen- 
dicular to the ground, and its furface, 

t Thefe objefts may be either numbers, flowers, 
cards, mottos, &c. it is only neceifary that the circle 
be properly painted. You may alfo have different cir- 
cles to vary the Recreation yet farther, by privately 
changing them. 

we 
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we will fuppofe here the three numbers 
I, 2^ 3. When each of the three perfons 
has made choice of one of thefe numbers, 
you roll the three cards on which they 
are wrote, altogether, and put them into 
the column, oppofite to which the three 
perfpedives are placed ; and give each 
perfon liberty to choofe in which glafs he 
will fee his objed*. 

When the three parties have chofe 
their perfpedives, the box is to be placed 
on the table, where the bar is concealed, 
taking due care to fet it in fuch diredion 
that the openings O, P, Q, may corre- 
fpopd to thofe parts of the circle on which 
the objeds are wrote. A Ihort time muft 
be given the circle to fettle, and then the 

* It is immaterial which glafs the firft perfon 
choofes, before the box is placed on the table, but if 
th^ fecond ftiould not name that under which his obr 
jeft is placed, the box muft be moved ; however it is 
an eqiial chance but he does, and iii that cafe they may 
all three fee their objefls at the fame time. , 

check 
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jcheck muft be privately let down. The 
three perfons then looking through the ^ 
perfpedive they have each of themchofe, 
their objeds will naturally . appear to 
them in that part of the column where 
their cards were placed *. 

Note, It requires fome memory to per- 
form this recreation with facility, as you 
muft keep in mind the fix changes of or- 
der, which the liberty you give the fpec- 
tators to fee through which of the glaffes 
they pleafe, requires. You may, how- ' 
ever, to avoid charging your memory, 
trace on the box certain Ijgns, which at 
the fame time that they appear to be or- 
naments, may £how you in what dire^on 
the box is to be placed, 

* You may then propofe to each of them to make 
hitn fee his objefl through another perfpeflive, which 
you dp by removing the check, and putting the box 
in a different cjireftion. 
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RECREATION XXL 

I'he penetrating perfpeStive. 

WITHIN the cafe ABCD, (Plate X. 
Fig. 1.) place four mirrors, O, P, 
Qj R, fo difpofed that they may each of 
them make an angle of forty-five degrees, 
that is, that they may be half way inclined 
from the perpendicular, as in the figure. 
In each of the two extremities A B, make 
a circular overture, in one of which fix 
the tube G L, in the other the tube M F, . 
and obferve that in each of thefe is tb be 
inferted another tube, as H and I*. 

Furnifh the firft of thefe tubes with an 
objed glafs at G, and a concave eye-glafs 
at F. You are to obferve that, in regu- 
lating the focus of thefe glaffes with regard 
to the length of the tube, you are to fup^ 

* Thefe four tubes muft tenninate in the fubftance 
of the cafe, and not enter the infide, that they may 
not hinder the effe6l of the mirrors. 

pofe 
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pofe it equal to the line G, or vifual 
pointed ray, which entering at the over- 
ture G, is refleded by the four mirrors, 
and goes out at the other overture F, 
where the occular glafs is placed. Put 
any glafs you will into the two ends of 
the moveable tubes H and I ; and laftly 
place the machine on a iland E, moveable 
at the point S, that it may be elevated or 
depreffed at pleafure. 

When the eye is placed at F, and you 
look through the tube, the ray« of light 
that proceed from the objed T, pafling 
through the glafs G, are fucceffively re- 
fleded by the mirrors O, P, R, and Q, 
to the eye at F, and there paint the objed 
T, in its proper fit nation, and thefe. rays 
appear to proceed diredly from that ob- 

The two moveable tubes H and I, at 
the extremities of each of which a glafs is 
placed, ferve only the more to difguife the 

illufion 
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illufion, for they have no communi- 
cation with the interior part of the ma- 
chine. This inftrument being moveable 
on the ftand E, may be direded to any 
objed ; and if furnifhed with proper 
glaffes will anfwer the purpofe of a com- 
mon perfpedive. 

The two moveable tubes H and I being 
brought together, the machine is direded 
toward any objed, and defiring a perfon 
to look in at the end F, you afk him if he 
fee diftindly that objed. You then fepa- 
rate the two moveable tubes, and leaving 
a fpace between them fufficient to iplace 
your hand, or any oth^rfolid body, you 
tell him that the machine has the power 
of making objeds vifible thro' the moft 
opaque body ; and as a proof you defire 
Km then to look at the fame objed, when 
to his great furprize, he will fee it as dif- 
tirid as when there was no folid body 
placed between the tubes. 

Note^ 
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Note, This recreation is the more ex-* 
traordinary, as it is veiy difficult to con-^ 
ceive how the efFed is produced. The 
two arms of the cafe appearing to be 
made to fupport the perfpedive glafs i 
ahd to whatever objed it is direded, the 
effed is ftill the fame. 

RECREATION XXII. 

The magician's mirrors. 

IN the wainfcot of a room make two 
overtures, of a foot high* and ten 
inches wide, and about a foot diftant frdtti 
each other. Let them be Jit the common 
height of a man*s head ; and in each of 
them place a tranfparent glafsj furround- 
ed with a frame, like a commdn mirror^ 

Behind this partition place two mirrdrs, 
one on the outward fide of each ovefttire, 
inclined to the wainfcot in an angle of 
forty-five degrees * ; let them be both eigh-« 
teen inches fquare : let all the fpace be-^ 
* See page 90. 

tween, 
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t ween them be enclofed by boards or pafte* 
board, painted black, and well clofed^ 
that no light may enter; let there be alfo ^ 
two curtains to cover themi which may bft 
drawn afide at pleafure. 

When a perfon loots into one of thefe 
fuppofed mirrors, inftead of feeing his 
own face he will percive the objeft that 
is in the front of the other ; fo that if tWo 
perfons prefent themfeives at the fame 
lime before thefe mirrors, ihfteaddf eacfei 
one feeing himfelf, they will reciprocally 
fee each other. 

Note, There fhould be a fconce With a 
candle placied on each fide of the two 
glaffes in the wainfcot, to enlighten the 
faces of the perfons who look in them, 
otherwife this experiment will have aq 
r^aarkable effed* 

This Recreation may be confiderably 

improved by placing the two glaffes ia the 

Vol. II. H wainfcot, 
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wainfcot, in adjoining rooms, and a num- 
ber of perfons being previoufly placed in 
one room, when a ftranger enters the 
other) you may tell him his face is 
dirty, and defire him to look in the 
glafs, which he will naturally do; and 
on feeing a ftrange face he will draw back: 
but returning to it, and feeing another, 
another, and another, like the phantom 
kings in Macbeth, what his furprife will 
be is more eafy to conceive than exprefs. 
After this, a real mirror may be privately 
let down on the back of the glafe, ^nd if 
he can be prevailed to look in it once 
more, he will then, to his farther afto- 
niftiment, fee his own face; and njay be 
told, perhaps perfuaded that all he thought 
he faw before was mere imagination. 

How many tricks lefs artful than thk, 
have paffed in former times for forcery ; 
and pals at this time, in fome countries, 
for apparitions: 

/ Note, When a man looks in a mirrtor 
thiH is placed perpendicular to another, his 

face 
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fece will appear entirely deformed. If 
the mirror be a little inclined, fo as to 
mak6 an angle of eighty degrees (that is 
one ninth part from the perpendicular) 
he will then fee all the parts of his face 
Except the nofe and forehead. If it be in^ 
dined to fixty degrees (that is, one third 
part) he will appear with three nofes and 
fix eyes: in fhort, the apparent deformity^ 
will vary at each degree of inclination ; 
and when the glafs comes to forty-five 
degrees, (that is, half way down) the face 
will vanifti. If inftead of placing the 
tw;o mirrors in this fituation, they are fp 
difpofed that their jundion may be ver- 
tical, their diflferent inclinations will 
produce other effeAs ; as the fituation of 
the objeA relative to thefe mirrors is 
quite different. The effeds of thefe 
mirrors, though remarkable enough, oc- 
cafions but little furprize, as there is no 
method of concealing the caufe by which 
they are produced, 

H 2 R E C R E-^ 
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RECREATION XXIII. 

Polemofcopes. 

BY the term polemofcope is meant any 
inftrument, whether catoptric or di- 
optric, by which you may fee what paffes 
In another place, without being feen from 
thence. The machines contain one or more 
plane mirrors, which convey by refledion 
the image of the objed to the eye of the 
fpedator. There are fmall inftruments of 
this kind, made in the form of an opera- 
glafs, by which, while you feem to look 
ftrait forward, you fee what paffes on one 
fide, and by that means gratify your curip- 
fity without the appearance of incivility. 

To the conftruding of this fort of pole- 
mofcope nothing more is heceffary than to 
fix in a common opera-glafs a fmall mir- 
ror inclined to an angle of forty-five de- 
grees, and adjuft a proper objed*glafs. 
This glafs at the fame time may anfwer 

it« 
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its common ufe, by adding an objed- 
glafs, and. fo contriving the fmall tube 
that it may remove the mirror at plea- 
fure, as in the 21ft Recreati6n- 

The tube of a polemofcope fnay be jrfac^ 
«d againft a wall, the inclined mirror be- 
ing a little above it, and turned outwards^ 
by which means you wjll difcover what 
paffes on the other fide, without being 
feen yourfelf. An inftrument of this fort 
would be of ufe jn fieges, where there is 
dinger without the wall from the fire 
pf the qnemy ; and on other bccafions. 
This inftrument may be alfo fo conftru^^ 
ed, that the tube may turn round, and tl^ 
niirror be elevated or depreffed, that yqu 
may fee fucceffively and at pleafure, all 
the objeds that you would perceive if you 
were at the top of the wall againft which 
the inftrument is placed. 
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RECREATION XXlV. 

7%^ enchanted mirrors. 

MAKE a box of wood, of a cubical 
figure, ACBD, (Plate X. Fig. 2.) 
of about fifteen inches every way. Let it 
be fixed 01^ the pedeftal P, a^t the ufual 
height of a man's head. In eace lide of 
this box let there be an opening of ap oval 
form, of ten inches high, andfeveo wide. 

In this box place two mirrors A, D,. 
with their backs againft each other ; let 
them crofs the box in a diagonal line, and 
in a vertical pofition. Decorate the open- 
ings in the fides of this box with four oval 
frames and tranfparent glafles, and coveir 
each of them with a curtain, fo contrived 
that they may all draw up together. 

Pl^ce four perfons in front of the four 
fides, and at equal difiances from the 
box, and then draw up the curtains that 

they 
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they may fee themfelves in the mirrors j 
when each of them, inftead of his own 
figure, will fee that of the perfon who is 
next him, and who, at the fame time, will 
fecm to him to be placed on the oppofite 
fide- Their confufion will be the greater, 
as it will be very difficult for them to ^if- 
cover the mirrors concealed in the box. 
The reafon of this phenomenon is evi-' 
dent, for though the rays of light may 
be turned afide by a mirror, yet, as we 
have before faid, they always appear 
to proceed in right lines. 

RECREATION XXV, 

^he animated optic halls. 
(By a Jingle reflexion.) 

THIS piece of catoptrics, as well as 
that which follows of double reflec- 
tion, being of the clafs that produces the 
moft pleafing illufion, we fliall here gjve 
a full detail of the manner in which it ia 
to be executed. 

H 4 Pro- 
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Provide a wooden box A BCD, of 
about two feet high, and fifteen inches 
wide (Plate IX. Fig. i.) and toward the 
top let there be made an opening E, of 
eight or nine inches high, and feven or 
eight inches wide, and in this opening 
fix a tranfparent glafs*. Let the box he 
two feet deep (fee the profile ABCD, Fig. 
2.) and adjuft to it a partition ST, of the 
fame width, and that is fifteen inches 
deep from S to T ; obferve, that this par*- 
tition will feparate the box into two divi^ 
fions, the upper of which muft be one or 
two inches lefs than the under. 

In the upper divifion, and toward the 
extremity S of the partition ST, and crofs 
it, place a fmall decoration'K S, of the 
figure of the outward fcene of a theatre, 
in which let there be an opening of ten 
inches wide, and eight inches high. 

, * If the dimenfions of the box be larger, the ex- 
hibition will be more perfeft ; and on the contrary, 
if it be fmaller, it will be lefs perfeft. 

Behind 
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Behind this fcene place the mirror KP^ 
(Fig. 2.) in an angle of forty-five degrees, 
M in the common optical niachines* and 
obferve that it be of the fame width with 
the box, and large enough to cover the 
.overture of the front fcene, when the feye 
is placed at the tranfparent glafs E. 

Decorate the interior fpace K S B T, 
with fiich diflFerent paintings as you fliall 
judge will contribute moft to the pleafuyc 
of the exhibition. Cover the top of the 
box, from K to B, with a frame in which 
is a glafs lined with gauze, that the light 
may enter the part K S B T. This firft 
conflrudipn being made in the propor- 
tions and with the precautions here laid 
down, you are next to place the inclined 
plane, hereafter defcribed, which muft be 
of a fize to enter this edifice by a back door 
made at G H. 

CoTi/irudtion of the inclined plane. 
This plane fhould incline to thebafe of 
the ilrudure in an angle of about thirty 

degrees. 
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degrees*, that is; it (houldberaifed about 
one third of the fpace toward the per- 
pendicular, and muft be fupported on its 
fides by two triangular props, placed at 
I ML. 

On that part of this plane with faces 
the mirror K F, draw fome pleafing fub- 
jecS, as for example, a garden ornament- 
ed with bowers ; or a piece of architec- 
ture, &c. in liich manner that it may ap- 
pear regula,r when feen at E, by refledion 
from the inclined mirror t. 

Jn this plane form a groove made of 
two thin flips of copper, yexy little ele- 
vated above the furfacie ; let this groove be 
fo difpofed that the ball in going from the 

* If the ball that ijs to. run 4own \hh plane make 
many turnings, the plane ftiould th^ l\ave a grater 
inclination. 

t This drawing need not diffei: much from the 
common method ; for as the plane IMis but little in^ 
clined, it will be only necelTary to draw the o^eSt^ 
a little higher : their width may remain the fame. 

top 
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top may make various windihgs, overfuch 
parts of the drawings as you Ihall thiiik 
fit, and at lafl defcending near the mid- 
dle of its inferior fide C D, (Fig. 3.} and 
running along the channel OP, (Fig. 2,) 
'it may fall into a part made to receive it 
in the wheel hereafter defcribed* 

Provide yourfelf with feveral ivory balls 
of fomething more than half an inch dia- 
meter, which are to run freely in the 
groove above defcribed. 

Qn the infide of this box, towards R, 
place two fijiall tincandlefticks, in which 
put two wax candles to enlighten the in- 
clined plane* ; there mufl: be a door by 
which you may take them out at pleafure: 
fix over them a cover 'of tin, to which 
there muft be a fujmel to c^rry the fmoke 
put pf the edificgt 

* Tp thefe candlefticks may be joined refleftors, fo 
difpofed as to thrqw all thp light on the iuclined plane.* 

Con- 
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ConfiruSticn df the wheel for remounting th( 
balls incejfantly. 

In the centre of the toothed wheel A, ^ 
(PL IX. Fig. 5.) place a barrel with-^a 
fpring, and let it be alfo in the centre of 
the brafs rod FG. The pinion of the wheel 
B is to take the teeth of the firft wheel A ; 
and its teeth are to turn the fly C, whofe 
wings muft be moveable, that by being 
more or lefs inclined, they may accele- 
rate or retard the motion of the machine. 

To the wheel A let there be fixed two 
brafs rods *, and at the extremity of eich 
there muft be a box D, (fee the profile 
Fig, 6.) whofe overture M N is clofed by 
a valve H, that moves freely on the point 
I : the axis of this valve muft come out 
beyond the furface of the box, that the 
check L may be there placed, which 

* The axis of this wheel ftiould projeft, thaj it 
may be wound up by a key, in the fame manner as 
A clock. , 

fliould 
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fliould move freely, and at the fame time 
with the valve. Thefe boxes muft be hrge 
enough to contain, each of them, one of 
the balls, that are, as we have faid, to roll 
on the inclined plane, and that it may 
enter at the fide M of the valve, which 
^mufl then clofe. The fides of thefe boxes 
muft incline, as in Fig, 5^ 

Obferve alfo, that this wheel muft be 
of a proper fize to place at the back of 
this machine, near that part where the in- 
clined plane is placed, (fee Fig. 4.) that it 
may not only receive in its revolving boxes 
the balls, that after having rolled on 
the plane, pafs out by the groove Op, (Fig. 
B.) but may alfo raife them again to the 
height C, (Fig, 4.) where there fliould be a 
finall channel to receive and condudthem 
to the top of the inclined plane. Remark^ 
alfo, that toward the part M there muft be 
a little iron catch, that may fucceffively 
ftop the cheeks L, (Pig. 6.) which are 
fixed to the axis of the valves, t^at it 

may 
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may give time to the ball to pafs into the 
bpx at the part M, and difcharge the check 
L : in like manner when the box comes to 
theheight of the groove that is to conduct 
the ball to the inclined plane, there mull 
be another catch to open the valve and 
difcharge the balL 

The wheel being thus placed, at the 
back of the machine, and the fpring wound 
up, the balls will inceffantly defcend and 
remount till the fpring in the box at the 
axis of the wheel is quite unbent*. 

When a ball is put into the groove at 
the top and runs down the inclined plane, 
he that looks into the glafs placed in front 
of the box, will imagine that it afcends by 
various turnings^ and goes out at the top 
of the edifice. The appearance will be- 
come the more plealing as the different 

* Inhere fhould be a cafe over this wheel, with 
*a door to open, that the contrivance may be quite free 
from deteftion. 

windings 
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windings of the ball are properly adapted 
to the fubjed painted on the inclined 
plane. This piece when executed with 
care, produces a very remarkable illufion., 
and is one of the moft pleafing Recre-- 
ations of catoptrics, 

RECREATION XXVI. 

"The fame exUhitlon by a double refleBlon. 

np HIS differs from the foregoing by 
-*• having a mirror inclined in an angle 
of forty-five degrees, (fee Plate IX. Fig. 2.) 
in the room of the inclined plane, and by 
havitig the plane on which the balls roll 
placed near the part of the box T D. 

There may be placed^ moreover, toward 
ST, and in a pofition almoft horizontal, 
little columns, arbonrs, or other objeds, 
made of brafs wire, at equal diftances*^ 

* This wire fhould have a fmall inclination, which 
may be two tenths of an inch for every foot ; and the 
diftance between the wires (hould be fomething ^efs 
than thcf diameter pf the balls, 

and 
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and joined together at the bottom by femi- 
circles, which muft be fo contrived as not 
to obftrud the courfe of the ball. 

If there be fufficient room, you may 
place, under the former, another range 
of wires, that have a fimilar difpofition, 
fo that the ball, after having run over the 
firft, may defcend to the other, which 
will have a remarkable efFed ; as the balls 
will feem to rencounter and pafs over 
each other. There muft then be two 
condudors, fo that one ball may eiiter at 
one fide, and the other at the oppofite 
fide. There fhould alfo be a third con* 
dudor, which, after the ball has paflfed 
over the firft piece, may carry it to the 
top of the inclined plane, placed oppofite 
the fecond mirror, that it may then pafe 
through all its windings^ 

Note. Thefe exhibitions may be varied 
at pleafure, as that depends entirely on 
the tafte and invention of thofe that con- 

.ftrud 
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ftrud them. You fhould obferve to give 
bute a very fmalll inclination to the 
grooves in which the balls run. Thefe 
balls may be of ivory painted, as thofe of 
brafs make too much rioife in the box, 
and are fubjed to break the inclined mir- 
ror, when by chance they jump out of the 
groove and fall on it. 

The grooves fhould be concealed as 
much as poffible by paintings or orna- 
ments. They fhould be either of brafs^ 
tin or thin pafteboard. In a word, too 
much care cannot be taken in conduding, 
exhibitions of this nature. 
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RECREATION XXVIL 

To defcrihe on a plane furface an irregular 
figurej which Jhall appear regular when 
placed oppojite a multiplying glqfs^ andfeen 
by refleStion through an aperture made in 
the center of the drawing. 

WE (hall not here lay down the geo- 
metric manner of drawing this fi- 
gure, for it would not only be very com- 
plicate, and extremely difficult to execute^ 
but when done could not fucceed, on ac* 
count of the impoffibility of procuring 
glaffes of this fort, whofe planes are equal 
ly inclined and perfedly regulan. 

CONSTRUCTION. 

Procure of an able artift a mirror of 
metal (Plate X. Fig. 3.) whofe bafe is a 
hexagon of about two inches and a half 
in dameter, and about half an inch thick 
at its center. Let the faces of this mirror 
be very truly cut, their angles very (harp, 

and 
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and their furfaces highly polilhed. Ge^ 
ment this mirror to a ftand of aboutihalf 
an inch thick, and let it be firmly joineci 
by means df 21 fcf^w, at the pdint A, (Fig; 
4.) which fhould be eight or nine inches 
high ; and let the ftand be folidly fixed oil 
the tdp of the box BC*. 

At the end C of this box (Fig. 4.) place 
an upright frame with a groove, which is 
to remain there, and in which are to Jbe 
placed the defigns, of about fifteen inches 
fquarc, containing the different diftorted 
figures that are to appear regular, when 
feen in the glafs, which, as appears by 
the figure, will then be oppofite to it« 

In the center of the drawing make a hole 
of about three tenths of an inch in diame- 
ter, through which the mirror may be en- 
tireiy feeh j and which fhould be placed 

* This box mayhav^ a drawer, to contain the 
different paintings that are to be feen by the mirror : 
it may be eight or nine inches wide, and fifteen 
inches deep* 

1 2 exadly 
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cxadly oppofite that hole, with its faafe 
parallel to the drawing or pidure. 

Draw on a paper or pafleboard the geo- 
metric plan of th6 multiplying glals, (fee 
Fig. 6.) and on that draw the defign you 
would have feen in the mirror. Thefe 
preparations being made with great atten- 
tixtOt'^ that is, the mirror being properly 
sited,- and th^ drawing rightly adjufted, 
look at [the mirror through the hole H, 
madef in the drawing, and holding the ruler 
AB*, by its handle D, (fee Fig. 5:) in 
your left hand, move it in different di* 
regions over the drawing- till its fide G 
appear to the eye (remaining conftantly at 
H) to be exadly even with one of the 
fides of the giafs j there keep it fixed ; 
and taking the eye from the hole, draw 
with a black lead pencil, that yoti have 
ready in the other hand, a line by the 

^ * This ruler fhould be about three or four indies 
long, very ttiin and black. It may be made of part 
of the fprin g of a clock* 

ruler 
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ruler. Do the fame by the other fides of 
that face of the glafs, and then the fpace 
contained between thofe two lines will be 
that on which you are to tranfppf(? that 
part of the defign which is drawn on the 
correfponding face in Fig- 3. 

Do the fame by all the other faces of 
the glafs, and you will then have twelve 
faces that will correfpond to thofe of the 
mirror, and which altogether muft confe- 
quently contain the entire fubje^ that is 
traced on Fig. 6. 

Thefe fpaces not differing much froj» 
thofe of the mirror, it will be eafy to trace 
the objed that has been defigned ; it will 
be onlynecefTary tonimiber them, to pre- 
vent any miflake ; and to place the paper 
or pafteboard before the mirror, after you 
have lightly traced the defign ; and infped 
it by the hole H, that you may difcover 
and redify any errors that may have been 
made. Thefe fpaces may alfp be fubdi- 
"" I 3 vided 
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vided, as well on the defign as thediftort- 
cd figure, in the manner expreffed in Fig. 
7, 8; and by that means the tranfpofition 
will be made with ftill greater facility. 

Laftly, you fhould fill up the vacant 
parts on the pafteboard with figures that 
have no analogy with thofe in the original 
defign, and by that mdans render it ftill 
inore furprifing- 

This experiment will produce a moft 
agreeable illufion to thofe who iare igno- 
rant of the manner in which it is per- 
formed; for, when looking at the point 
H, they cannot difcover the leaft refen[i- 
blance between what they fee in the mir- 
ror, and the general defign on the pafte- 
board. 

Obferve, this drawing may alfo he 
traced corredly enough by means of 
a lamp, placed at the point of view H, 
taking care to enclofeitin a tin cafe, and 

to 
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to adjuft to it a tube of about zh inch in 
diameter, and three or four inches long, 
that can be protraded or ftiortened at 
pleafure. When you ufe this method, a 
hole mull be made in the paper, large 
enough to admit the end of the tube ; fo 
that the light falling on the feveral faces 
of the glafs, they may be refleded on the; 
paper, and Ihow where each of them is 
to be traced. By this method the time 
fpent in finding them by the ruler is 
faved ; and if the light be fteady, the 
drawing will anfwer very well. You 
ijaay alfo draw on the mirror, with foot, 
tempered with fine white lead, all the 
ftrokes of the defign, and by that means 
flill fliorten the execution of the drawing- 
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RECREATION XXVIII. 

To defcribe on a plant Surface a deformed 
figure^ which Jhall appear regular when 
viewed by refiedlion in a cylindrical mir- 
ror. 

HP H E geometric method of defcribing 
•*- this irregular figure, being, as in the 
lafl: Recreation, not only extremely dif- 
ficult, on account of its different curves, 
but alfo liable to error from the want of 
regularity in making the mirrors ; we 
fliall here fhew another method of de- 
fcribing it, far lefs learned indeed, but 
much more concife, and eafily pradicable 
by thofe who have not a profound know- 
ledge of geometry, but are yet defirous of 
drawing thefe forts of anamorphofes 

Let A BCD be the cylindrical mirror^ 
(Plate XL Fig- i . ) in which you would fee, 

from 
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from the point' of view E, the deformed 
objed painted on the board FG, in a 
regular form. 

On a paper, or pafteboard, draw the 
circle A (Fig. 2.) equal to the bafe BD 
of the cylindric mirror ; and taking the 
point B for the diftance of the point of 
view from the mirror, draw the line AB, 
which mufl pafs through A, the center of 
the circle. Then draw the two lines BC 
andBD. 

Divide the line CD into fix equal parts, 
and draw from the point of view B, the 
lines B i, which by cutting one of the fides 
of the circle, will determine the points on 
which you are to ered the parallel perpen- 
diculars, which may be done by a ruler; 
making ufe of an opaque colour that will 
effedually obfcure thofe parts of the cy- 
linder where they are drawn*. ' 

* You may ufe foot and white lead ground toge- 
ther with gum, after having traced the lines with a 
crayom 

Thefe 
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Thefe firft divifions being regularly 
made, divide about two thirds of the height 
of the fide CD, of the cylinder, into ten 
or twelve parts, refpedively equal to thofe 
of the diameter of the circle (Fig. 2.) and 
from the point of view E, draw the lines 
E /, .which paffing through all the points 
of divifion, muft be continued to the other 
fide of the cylinder. On the two oppofite 
fides of the cylinder mark the different 
heights of the feveral divifions, and 
through thofe points draw the oval figures 
i7, making ufe of the fame colour as be- 
fore. 

Take a paper ABCD (Fig. 3.) whofe 

two fides AB and CD muft be divided 

into fix equal parts, and thofe of AC and 

BD into ten or twelve equal. parts, oni 

which you are to draw the figure as you 

would have it appear to the eye when 

viewed in the cylindric mirror. At the 

point of view E, place a lamp fo difpofed 

that its light may fall on the cylindric 

mirror only. 

When 
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When you have fixed the cylinder on 
the pafteboard F G (Fig. i .) and the lamp 
is placed at E, fo that its light cannot 
fall on the pafteboard, but by refledion, 
all the ftrokes on the cylinder will then 
appear on the board, and may be eafily 
traced with a pencil. By this means the 
board will be divided into as many irre- 
gular fpaces, as there are regular divifions 
in the parallelogram (Fig. 8.) If, there- 
fore, you transfer to each of thofe fpaces 
the ftrokes of the defign that is on the 
parallelogram, it will appear quite de- 
formed on the pafteboard, and quite re- 
gular when feen from the point of view 
E, efpecially if due attention be had to 
drawing the outlines of the figure. 

Note, The point of viewfhould be four 

or five inches above the upper part of the 

mirror, that you may not be obliged to 

make ufe of a very large pafteboard : it 

fliould not, however, be much higher, as 

then the figure on the board would not be 

ftifficiently deformed. 

By 
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By this method you may alfo draw 
irregular figures to be feen in 3 prifm^ or 
any other fort of mirror, provided they 
can be traced and illuminated*. 

Obferve, if you are defirous of paint- 
ing thefe forts of anamorphofes to advan- 
tage, you muft not overcharge thofe parts 
with colour that are moft diftended, for 
when they become contraded in the mir- 
ror the colours appear unnatural. In a 
word, great attention is neceffary in draw- 
ing and painting thefe fubjecS, as on fliat 
the fuccefs principally depends, 

* The geometric method of drawing deformed 
objefts to be feen in a prifm, will be fpund at largp 
in the treatiie of Abbe NoUet. 
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RECREATION XXIX. 

Optical appearances, 

1 

OF all our fenfes the fight is certaiiy 
fubjed to the greateft illufion. The 
various writers on optics have defcribed a 
great numberof inftances in which it de- 
ceives us, and have conftantly endeavour- 
ed to invefligate the caufes, to explain 
their efFeds, and to reconcile appearance 
with reality. We every day difcover new 
phenojnena, and doubtlefs many more are 
referved for pofterity. It frequently hap- 
pens, moreover, that a difcovery which at 
firft feemed of little confequence, has led 
to matters of the higheft importance. 

Take a glafs bottle A, (PL XI. Fig. 4.) 
and fill it with water to the point B ; leave 
the upper part BCj empty, and cork it . 
in the common mannei*. Place this bottle 
oppofite a concave mirror, and beyond its 
focus, that it may appear reverfed, and be- 
fore 
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fore the mirror (fee aphorifm 4. page 65.) 
Place yourfelf ftill farther diftant than the 
bbttle, and it will appear to you in the 
fituation «, &, c, (Fig. 5.) 

Now it is remarkable in this apparent 
bottle, that the water, which, according to 
all the laws of catoptrics, and all the ex- 
periments made on other objeds, ftibuld 
appear at a &, appears on the contrary at 
hcy and confequently the part at appeafs 
empty. 

If the bottle be inverted and placed be-^ 
fore the mirror* (as in Fig. 6.) its imagd 
will appear in its natmal, ered pofitioni 
and the water, which is in reality at BC, 
will appear at (26- 

If wfiile the bottle is inverted it be uri-^ 
GOtted, and the water run gently out, it 
will appeafr that while the part BC is 
emptying, that of « 6 in the image is Ail- 
ing; and what is likewife very remark-^ 

aible* 
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able, as foon as the bottle is empty the 
illufion ceafes, the image alfo appearing 
entirely empty. If the bottle likewife be 
quite full there is no iflufion. 

If while the bottle is held inverted, and 
partly empty, fome drops of water fall 
from the bottom A' towards BC, it feems 
in the image as if there were formed at 
the bottom of the part a 6, bubbles of air 
that rofe from a to h; which is the part 
that feems full of water. All thefe phe- 
nomena conftantly appear- 

The remarkable circumftances in this 
experiment, are, firft, not only to fee an 
objed where it is not, but alfo where its 
image is not ; and fecondly, that of two 
objeds which are really in the fame place, 
as the furface of the bottle and the water 
it contains, the one is feen at one place, 
and the other at another ; and to fee the 
bottle in the place of its image, and the 
water where neither it, nor its image, 
are. 

Note, 
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Note, It has been conjeAured, with 
fome appearance of reafon, that this illu- 
fion arifes partly from our not being ac- 
cuftomed to fee water fufpended in abottle 
with the neck downward, and partly from 
the refemblance there is between the co- 
lour of the air and that of water, which 
induces us to imagine that we fee them 
where they ufually are ; and this is ren- 
dered more probable by putting any co- 
loured liquor into the bottle, for that will 
appear in its proper place (M. Guyot. ) 



RECREATION XXX. 

^he perfpeStive mirror. • 

PROVIDE a box ABCD (PL XIL 
Fig. I.) of about two feet long, fif- 
teen inches wide, and twelve inches high* 
At the end A C place a concave mirror, 
the focus of whofe parallel rays is at 
eighteen inches from the refleding furface. 
At IL place a pafteboard blacked, in which 

a hole 
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a hole is cut fufficiently large to fee on the 
mirror H, the Dbjed placed at BEFD. 

Coyer thetop of the box, from A to Ij^ 

clofe, that the mirror H, may be entirely 

^darkened. The other part I B, muft be 

covered with a glafs, under which is 

placed a gauze. 

Make an aperture at G, near the top of 
the fide EB; beneath which, on the in- 
fide, place, in fucceflidn, paintings of dif- 
ferent fubjeds, as viflas, landfcapes, fee, 
fo that they may be in front of the mir- 
tor H. Let the box he fo placed that the 
objed may be ftrongly illumined by the 
fun, or by wax lights placed utider the 
enclofed part of the box Al. ^ 

By this fimple conftrudion the objeds 
placed at GD will be thrown into their 
natural perfpedive, and if the fubjeds 
be properly chofe, the appearance will be 
altogether as pleafing as in optical ma- 
<:liihes of a much more complicated form* 

Vol. II. K Note, 
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Note, A glafs miror (hould be always 
here ufed, as thofe of metal do not repre- 
fent the objeds with equal vivacity, and 
are befide fubjed to tarnilh. It is alfo ne- 
ceffary that the box be fufficiently large, 
that you may not be obliged to ufe a mir- 
ror whofe focus is too fliort ; for in that 
cafe, the right lines near the border of the 
pidure will appear bent in the mirror, 
which will have a difagreeable effed, ^d 
cannot be avoided. 

RECREATION XXXI. 

"Tofetfire to a combujiible body, by the reflec- 
tion of two concave mirrors. 
TPHE rays of a luminous body placed 
-*• in the focus of a concave mirror be* 
ing refleded in parallel lines, if a fecond 
mirror be placed diametrically oppofite 
the firft, it will, by colleding thofe rays in 
its focus, fet fire to a combuftible body. 

Place two concave mirrors, A and B 
(PI. XII. Fig. 2.) at about twelve or fifteen 

feet 
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feet diftance from each other, and let the 
axis of each of them be in the fame line. 
In the focus C, of one of them, place a 
live coal, and in the focus D of the other, 
fome gunpowder. With a pair of double 
bellows, which make a continual blaft^ 
keep conftantly blowing the coal, and not- 
withftanding the diftance between them 
the powder will prefently take jfire. 

It is not neceffary that thefe mirrors be 
of metal or glafs, thofe made of wood or 
pafteboard, gilded, will produce the explo- 
fion, which has fometimes taken eflfed 2tt 
the diftance of fifty feet, when mirrors of 

eighteen inches or two feet diameter have 
been ufed. 1 

This experiment fucceeds with more 
di&culty at great diftances ; which may 
proceed from the mbifture in a large 
quantity of air. It would doubtlefs take' 
effed more readily, if a tin tube, of an 
equal diameter with the mirrors^ were to 
placed between them^ 

K 2 RE- 
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"The real apparation. 

IDEHIND the partition AB (PL XIL 
Fig. 3.) place, in a pofition fome- 
thing oblique, the concave mirror EF, 
which muft be at leaft ten inches in diame- 
ter, and its diflance from the partition equal 
to three-fourthsof the diftance of itscenter. 

In the partition make an opening of 
feven or eight inches, either fquare or cir- 
oular : it muft face the mirror ; and be of 
the fame height with it. Behind this par- 
tition place a ftrong light, fo difpofed that 
it may not be feen at the opening, and may 
illumine an objed placed at C, without 
throwing any ligh^ on the mirror. 

Beneath the aperture in the partition 
place the objed C, that you intend (hall 
appear on the outfide of the partition, in 
an inverted pofition ; and which we will 

fuppofe 
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fuppofe to be a flower; before the par- 
tition, and beneath the aperture, place at 
little flower-pot D, the top of which 
fliould be eyen with the bottom of the 
aperture, that the eye, placed at G, may 
fee the flower in the fame pofition as if 
its flalk came out of the pot- 
Take care to paint the fpace between 
the back part of the partition and the 
mirror black, to prevent any reflections of 
light from being thrown on the mirror ; 
in a word, fo difpofe the whole that it 
maybe as little enlightened as poflible. 

When a perfon is placed at the point 
Gr he will perceive the flower that is be- 
hind the partition, at the top of the pot 
at D,. but on putting out his hand to 
pluck it, he will find that he attempts to 
grafp a fliadow. 

Obfervdtton. 

The phenomena that may be produced 

by means of concave mirrors are highly 

K 3 curious 
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curious and aftonifliing. By their aid fpec- 
tres of various kinds may be exhibited. 
Suppofe, for example, you were to tell any 
one, that at fuch an hour, and in fuch a 
place, he fliould fee the apparition of an 
abfent or deceafed friend (of whofe por- 
trait you are in poiTeffion.) In order to 
produce this phantom, inftead of the hole 
in the partition A B, in the laft figure, there 
muft be a door, which opens into an apart- 
ment to which there is a confiderable de- 
fcent. Under that door you are to place 
the portrait, which muft be inverted and 
ftrongly illuminated, that it may be lively 
refleded by the mirror, which muft be 
large and well ppliflied. Then having 
introduced the incredulous fpedator at 
anotjier door, and placed him in thQ 
proper point of view, you fudde'nly 
throw" open the door at AB, when to his 
great aftonifhment, he will immediately 
fee the apparition of his friend* 

It will be objeded, perhaps, that this is 
pot a perfed apparition, becaufe it is only 

vif^til? 
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vifible at one point of view, and by one per- 
fon. But it fhould be remembered, that it 
was an eftablilhed maxim in the laft centu- 
ries, that a fpedre might be vifible to one 
perfon and not to others. So Shakefpeare 
makes both Hamlet and Macbeth fee appa- 
ritions that were not vifible to others, pre- 
fent at the fame time. It is not unlikely, 
moreover, that this maxim took its rife 
from certain apparitions of this kind that 
were raifed by the monks, to ferve fome 
purpofes they called religious; as they 
alone were in poffeffion of what little 
learning there then was in the world. 

Nothing here faid is intended to inva- 
lidate the belief that feparate fpirits may 
hoU converfe with men. He muft be 
. either Very weak or very wicked, who can 
wifli to difbelieve an opinion that is fo 
highly honourable and advantageous to 
humanity. - 

There is one phenomenon we muft not 

fiere omit ; for tho* it be common enough 

K4 it 
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it is alfo pleafing, and eafy to be perform- 
ed. If you place yourfelf before a concave 
inirror and at a proper diftance, your figure 
will appear inverted, andif you ftretchout 
your hand toward the mirror, you will 
perceive another hand that feems to meet ^ 
^ndjoinit, though imperceptible to the 
touch. If inftead of your hand you make 
ufe of a drawn fword, and prefiant it in 
fuch manner that its point maybe dired- 
ed toward the focus of the parallel rays 
of the mirror, another fword will appear, 
and feem to encounter that in your hand* 
You are to obferve, that to make this ex- 
periment fucceed welU you muft have a 
mirrpr of at leaft a foot in diameter, 
tha|: you may fee yourfelf in part. If 
you have a mirror large enough to fee 
your whole perfon, the illufion will be 
much moi^e ftriking. This phenomenon, 
with which fo much parade has been 
made by fome modern experimental phi- 
Jofophers, was defcribed by Baptifta Porta 
jpore than 200 years fince. 

CHRO- 
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CHROMATICS. 

CHROMATICS is that part of optics 
which explains the feveral properties 
of the colours of light, and of natural 
bodies. 

DEFINITIONS. 

1. Thofe rays of light that are all equal- 
ly refrangible, are called fimple or homo- 
geneal rays. 

2. Thofe rays that have different de- 
grees of refrangibility, are called com- 
pound, or heterogeneal*. 

3. The colours of homogeneal light are 
called primary or fimple colours : and 

4- Thofe of heterogeneal light, fecon- _ 
dary or compound colours. 

5. A fpedrum is a coloured image of 
the fun, produced by the refradion of a 
ray of light let into a dark chamber. 

* The terms homogeneal and heterogeneal are 
derived from the Greek words omos^ tf^efame ; eteros, 
unother; dind genos, Mnd ox /pedes. 

6. A 
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6. A prifm i^ a glafs body, whofe two 
ends are fimilar and parallel triangles, and 
its three fides regular planes. 

APHORISMS. 

1 . All the colours in nature proceed 
from the rays of light. 

2. There are feven primary colours, 
which are red, orange, yellow, green, blue, 
indigo, and violet, 

3. Every ray of light may be feparated 
into thq feven primary colours. 

4. The rays of Hght in pafling through 
the fame medium have different degrees 
of refrangibility. 

5. The difference in the colours of light 
arifes from its different refrangibility, 
that whidi is the leaft refrangible pro- 
ducing fed, and that which is the moft 
refrangible, violet*. 

* It is conjeftured that the different refrangibility 
in the rays of light proceeds from their different 
magnitude : thofe of red light, being the largeft, 

make 
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6. By compounding any two of the 
primary colours, as red and yelloW, or yel- 

' low and blue, the intermediate colour, as 
orange or green, may be produced. 

7. The colours of bodies arife from the 
difpofitions to refled one fort of rays, and 
to abforb the other .^ Thofe that refled the 
leaft refrangible rays appearing red ; and 
thofe that refled the mojft refrangible, 
violet*. . 

make the ftrongeft impreffion on the retina; and 
thofe of violet, being the fraalleft, make the weak- 
eft impreffion. 

* It appears highly probable, from obfervations 
made by Sir Ifaac Newton, that the difpofition of 
bodies to refleft the different rays of light, arifes 
from the different fize of their particles. Tlius, 
the azure Colour of the Iky, and the moft luminous 
white, as that of metals, he fuppofesto be produced 
by particles of the firft order ; but if the white be 
lefs intenfe, as that of linen, paper, and fuch like 
fubftances, he conjeflures that it arifes from a mix- 
ture of particles of aH orders. The green of vege- 
tables he fuppofes to proceed from the third order, 
and the particles that caufe blackpefs, to be fmaller 
than thofe that produce any of the colours. 

8. Such 
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8. Such bodies as refled two or more 
forts of rays, appear of various colours. 

9. The whitenefs of bodies arifes from 
their difpofition to refled all the rays of 
light promifcuoufly. 

10. The biacknefs of bodies proceeds 
from their incapacity to refled any of the 
T?ys of light *• 

RECREATION XXXIIL 

Out of ajingk colourlefs ray of light to pro-- 
• duce fever} other rays, which Jkall painty 
on a white hody^ the f even primary colours 
of nature. 

PROCURE of an optician a large glafs 
prifmDEF, (Plate XIIL Fig. i.) well 
polifhed, two of whofe fides muft con- 
tain ^an angle of about fixty-four degrees. 
Make a ropm quite dark, and in the win- 
dow fhutter A B, cut a round hole, about 

* From hence it arifes that black bodies, when 
cxpofed to the fun, become fooner heated than all 
others. 

one- 
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, one-third of an inch in diameter at C, 
through which a ray of light LI paffing^ 
falls on the prifm DEP, by. that it is 
refradedout ofthediredion IT, in which 
it would have proceeded, into another G 
H, and falling on the paper MNSX, 
will there form an oblong fpedrum PQ, 
whofe ends will be femicircular, and its fides* 
ftrait; and if the diftance of the prifm from 
the paper be about eighteen feet, it will 
be ten inches long, and two inches wide. 

Now this fpedrum will exhibit all the 
primary colours; for the rays between P 
and V, which are the moft refraded, will 
paint a deep violet; thofe between V and 
I, indigo; thofe between I and B, blue; 
thofe between B and G, green ; thofe be- 
tween G and Y, yellow; thofe between 
Y and Q, orange ; and thofe between O 
.and R, being th€ leaft refraded, an in- 
tenfe red *. The colours between thefe 

* For this reafon it is that the rays which are 
near the edges of a lens have different degrees of 

refira6lion, 
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fpaces will not be every where equally in* 
tenfe, but will incline to the neighbour- 
ing colour; thus the part of the orange 
next to R, will incline to a red, and that 
next to Y, to a yellow; and fo of the 
reft. 

RECREATION XXXIV. 

From two or more of the primary colours, 
to compofe others thatJhalU In appear ance^ 
refemhle thqfe of the former. 

BY mixing the two homogeneal colours 
red and yellow, an orange will be 
produced, fimilar in appearance to that 
in the feries of primary cqIouds ; but the 
light of the one being homogeneal, and, 
that of the other heterogeneal, if the for- 
mer be viewed through a prifin it will re* 
main unaltered, but the other will be re- 
folved into its component colours, red ^xxd 
yellow. In like manner other contiguous^ 

refraftion, .and tinge the objcft with different co- 
lours. 

ho- 
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homogeneal colours may compound new 
colours; as by mixing yellow and green, a 
colour between them is formed ; and if 
blue be added, there will appear a green 
that is the middle colour of thofe three. 
For the yellow and blue, if they are 
equal in quantity, will draw the inter- 
mediate green equally toward them, and 
keep it, as it were in equilibrio, that it 
, verge not more to the one than the othen 
To this compound green there maybe 
added fome red and violet, and yet the 
green will not immediately ceafe, but 
grow lefs vivid ; till by adding more red 
and violet it will become more diluted, 
and at laft, by the prevalence of the added 
colours, it will be overcome, and turned 
into whitenefs or fome other colour. 

In like manner if the fun's white, com- 
pofed of all kind of rays, be added to any 
homogeneal colour, that colour will not 
vanifh, nor change its fpecies, but be di- 
lutecf , and by adding mgre white, it will 

become 
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become continually more diluted. LafUy^ 
if red and violet be mixed, there will be 
generated, according to their various pro- 
portions, various purples, fuch as are not 
like in appearance, to the colour of any 
Jiomogeneal light: and of thefe. purples, 
mixed with blue and yellow, other new 
colours may be compofed. 

RECREATION XXXV. 

Out of three of the primary colours^ rtdj 
yellow^ and blue^ to produce all the other 
prifmatic colours^ and all that are inter-' 
mediate to them. 

PROVIDE, three panes of glafs of a- 
'bout five inches fquare, (fee Plate 

XIII. Fig. 2.) and divide each of them, 

by parallel lines, into five equal parts. 

Take three flieets of very thin papef^ 
which you muft paint, lightly^ one blue* 
another yellow, and the third red*. Thetl 

* You muft ufe water colours for this putpofe : 
the blue may be that of-Pruffia^ tod very bright / 

the 
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pafte on one of the glaffes five pieces of 
tfie red paper, one of which muft cover 
the whole glafs, the fecond only the four 
lower divifions, the third the three lower» 
the fourth the two loweft, and the fifth 
the laft divifion only. On the other two 
glaffes five pieces of the blue and yellow 
papers muft bepafted in like manner/ 

You muft alfo have a box of about fix 
inches long* and the fame depth and 
width as tl^e glaffes : it muft be black on 
the infide : let one end be quite open, 
and in the oppofite end there jmuft be a 
hole large enough to fee the glaffes com- 
pletely. It muft alfo open at the top, 
that the glaffes may. be placed in it con- 
veniently. 

When you have put any one of thefe 
glaffes in the box, and the open end is 

the red, carmine ; and the yellow gambooge, mix- 
ed with a little faffron. Thefe colours muft be 
laid very light and even, on both fides of the 
paper. 

Vol, II. L turned 
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turned toward the fun, you will fee five 
diftind ftiades of the colour it contains. 

If you place the blue and yellow glaffes 
together, in a fimilar diredion, you will 
fee five (hades of green diftindly formed. 
When the blue and red glaffes are placed, 
a bright violet will be produced ; and by 
the red and yellow the feveraf Ihades of 
orange. 

If, inftead of placing thefe glaffes in a 
fimilar pofition, you place the fide AB 
of the yellow glafs, againft the fide B D 
of the blue, (Plate XIII. Fig. 3.) ytouwili 
fee all the various greens that are produced 
by nature*; if the blue and red glaffes be 
placed in that manner, you will have all 
the poflible varieties of purples, violets, 
&c. and laflly, if the red and orange 

; * In the firft pofition of the glaffes thie quan- 
tity of blue and yellow being equal, the fame fort 
of green was conftantly vifible : but by thus In- 
verting the glaffes, the quantity of the colours be- 
ing conftantly unequal, a very pleafipg variety of 
tints is produced. 

glaffes 
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glaffes be fo placed, there will be all the 
intermediate colours, as the marygold, 
aurora, fac. 

RECREATION XXXVI. 

By means of the three primary colours, redi 
yellow, and hlucy together with light and 
Jhade, to produce all the gradations of the 
prifmatic colours. 

ON feven fquare panes of glafs pafte 
papers that are painted with the fe- 
ven prifmatic colours, in the fame manner 
as in the laft Recreation* The colours 
for the orange, green, indigo, and violet^ 
tmy be made by mixing the other three. 
Then with biftre *, well diluted, (hade a 
Iheet of very thin paper, by laying it light 
OB both its fides. With pieces of this pa-^ 
per cover four-fifths of a^lafs^ of thefam^ 
fiize with the others, by laying one piece 
en the four lowed divifions, another on 

* The biftre here ufed muft be made of foot, not 
.thatinftone. 

L 2 the 
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the three loweft, a third on the two low- 
eft, and the fourth on the loweft divifion 
only : and> leaving the top divifion quite 
uncovered. 

When one of the coloured glalJes is 
placed in the box, together with the glafs 
of Ihades, fo that the fide AB of the 
one be applied to the fide BD of the other, 
as in Fig. 3. of the laft Recreation, the 
feveral gradations of colours will appear 
fhaded in the fame manner as, a drapery 
judicioufly painted with that colour. 

It is on this principle that certain French 
artifts have proceeded in their endeavours 
to imitate, by defigns printed in colours, 
paintings in oil : which they do by four 
plates of the fame fize, on each of which 
is engraved the fame defign. One of 
tHefe contains all the fhades that are. to ht 
reprefented, and which are painted either 
black, or with a dark grey. One of the 
three other plates is coloured with blue, 

another 
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another with red, and the third with yel- 
low: each of them being engraved in 
thofe parts only which are to repreleht 
that colour *, and the engraving is either 
ftronger or weaker, in proportion to the 
tone of colour that is to be reprefentedf. 

Thefe four plates are then paffed alt^v- 
nately under the prefs, and the mixture 
of their colours produces a print that bears 

* When a red drapery is required, it is engrav- 
ed on the plate afligned to that colour ; and fo of 
yellow and blue : but if one of the other colours 
be wanting, fuppofe violet, it muft be engraved 
on thofe that print the red and blue : and fo of the 
reft. The plates of this kind have been hitherto 
engraved in the manner of mezzotinto, but thefe, 
unlefs they are fkilfully managed, foon become 
fmutty. Engravings in the manner of the crayon, 
would perhaps anfwer better. 

r + The principal diflSculty in this fort of engrav- 
ing arifes from want of a {kilful management, ih 
giving each plate that precife degree of engraving 
which will produce the tone of colour required. If 
a bright green is to be reprefented, there fhould be 
an equal quantity of graving on the red and yellow 
plates I but if an olive green, the yellow plate fhould 
' be engraved much deeper than the red. 

. L3 no 
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no fmall refemblance to a ps^nting. It 
tnuft beconfeffe^f however, that what has 
been hitherto done of this kincj* falls far 
£hort of that degree of perfection, of 
which this art appears fufceptible. If they 
who engrave the beft in the manner of the 
crayon, were to apply themfelves to this 
art, there is reafon to exped they wo^ld 
produce far more finilhed pieces than we 
have hitherto feen. 



RECREATION XXXVII. 

The magical prifm. 

Ti /TAKE a hole in the window-lhutter of 
-*^^-*- a dark room, through which a broad 
beam of light may pafs, that is to be re- 
fraded by the large glafs prifm A B C, 
(Plate Xill. Fig. 4.) which may be made 
of pieces of mirrors cemented together, 
and filled with water. 

Provide another prifm D E F, made . of 
three pieces pf wood: through the middle 

©f 
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of this there muft pafs an^ axis on which 
it is to revolve. This prifm muft be co* 
vered with white paper, and each'^of its 
fides cut through in feveral places fo as to 
reprefent different figures, and thofe of 
each fide fliould likewife be different. The 
infide of this prifm is to be hollow, and 
made quite black, that it may not refled 
any of the light that pafles through the 
fides into it. 

When this prifm is placed near to that 
of glafs, as in the figure, with one of its 
fides EF, perpendicular to the ray of 
light, the figures on that fide will appear 
perfedly white : but when it comes into 
the pofition gh, the figures will appear 
yellow and red, and when it is in the po- 
fition kh they will appear blue and violet. 
As the prifm is turned roimd its axis, the 
other fides will have a fimilar appearance. 
If inftead of a prifm a four or five-fided 
figure be here ufed, the appearances will 
be ftill farther diverfified. 

L 4 . This 
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This phenomenon arifes from the diffe- 
rent refrangibility of the rays of light. 
For when the fide EF is in the pofition 
gh^ it is more ftrongly illuminated by the 
leaft refrangible rays, and wherever they 
are predominant, the objed will appear 
red or yellow. But when it is on the po- 
fition A/, the more refrangible rays being 
then predominant, it will appear tinged 
with blue and violet. 

RECREATION XXXVIII. 

"Thefolar magic lantern. 

PROCURE a box, of about a foot high 
and eighteen inches wide, or fuch 
other fimilar dinicnfions as you fhall think 
fit ; and about three inches deep. Two of 
the oppofite fides of this box muft be quite 
open, and in each of the other fides let 
there be a groove, wide enough to pafs a 
11 iffpaper or pafieboard. This box mufl: be 
faftened againfl: a window on which the 
fun's rays fiill dired. The rcfi of the win- 
dow 
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dow. (hould be clofed up, that no light 
may enter. 

Provide feveral fheets of ftifF paper, 
which muft be blacke'd on one fide. On 
thefe papers cut out fuch figures as you 
(hall think proper, and placing them al- 
ternately in the grooves of the box, with 
their blacked fides toward you, look at 
them through a large and clear glafs prifm ; 
and if the light be flrong, they will ap- 
pear to be painted with the moft lively 
colours in nature. If you cut on one of 
thefe papers the form of the rainbow, 
about three quarters of an inch wide, you 
will have a lively reprefentation of that . 
in the atmofphere.. 

This Recreation may be farther diver- 
fified, by pafting very thin papers, lightly 
painted with different colours, over fome 
of the parts that are cut out: which will 
appear to change their colours, when view- 
ad through the prifin, and to ftand out 
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from the paper, at different diftances, 
according to the different degrees of re* 
frangibility, of the colours with which 
they are painted. 

For greater convenience, the prifm may 
be placed in a iland on a table, at the 
height of your eye, and made to turn 
round on an axis, that when you have 
got an agreeable profped, you may fa 
it in that pofition. This experiment may 
be made at a trifling expence; and, if 
properly conduded, will afford no fmall 
entertainment. 

RECREATION XXXIX. 

"The artificial rainbow. 

OPPOSITE a window into which the 
fun Ihines dired, fufpend a glafs 
globe filled with water, by a firing that 
runs over a pulley, fo that the fun's rays 
may fall on it. Then drawing the globe 
gradually up, when it comes to the height 

m of 
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af about forty degrees*, you will fee, by 
placing yourfelf in a proper fituation, a 
purple colour in the glafs, and by draw- 
ing it gradually up higher, the other prif- 
naatic colours, blue, green, yellow, and 
red, will fucceffively appear ; after which 
the colours will difappear, till the globe is 
raifed to about fifty degrees, when they 
. will agaiQ be feen, but in an inverted or- 
der, the red appearing firft, and the blue 
or violet laft : and when the globe comes 
tip to little more than fifty-four degrees 
they will totally vanilh. 

Thefe appearances ferve to explain the 
phenomena of natural rainbows, of which 
there are frequently two ; the one being 
about eight degrees above the other, and 
the order of their colours is inverted, its 

* That is if you fuppofe an arch of a circle to 
he drawn from the horizon to the zenith, and di- 
vided into ninety equal parts or degrees, the globe 
nmft be laifed to the height of forty of thofe de- 
grees. 

^^ in 
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in this experiment, red being the upper- 
moft colour in the lower bow, and violet 
in the other. 

The rainbow is not in the clouds, but 
in the falling rain, and always oppofite 
the fun. The differpnt order of the co- 
lours in the bows arifes from their diffe- 
rent refledions ; thofe of the under bow- 
being caufed by two refradions and .one 
reflection, and thofe of the upper, by two 
refradions and two refledions, and there- 
fore the colours of this are lefs bright than 
the other, their ftrength being diminifhed 
by every refiedion. 

Now, it has been proved by repeated 
experiments, that forty degrees forms the 
greateft angle by which the moft refran- 
gible rays can, after one refledion, bere- 
fraded to the eye ; and that fomething 
more than forty-two degrees forms the 
greateft angle, under which the leaft re- 
frangible rays can come tp the eye after 
mk. one 
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one refiedion. Therefore all the colours 
of the lower bow muft lie in the fpace of » 
lefs than two degrees. In like manner it 
has been proved, that fifty degrees make 
the leaft angle under which the leaft re- 
frangible rays can be vifible to the eye 
after two refledions ; and that about fifty- 
four degrees will be the leaft angle under 
whichthe moft refrangible rays can come 
to the eye after two refledions. There-*- 
fore all the colours of the upper bow muft 
be in lefs tRan four degrees. 

It follows from what is here faid, that 
all rainbows are of a circular form and 
equal magnitude, and as they are always 
oppofite the filn, the parts we fee of them 
muft be in proportion to his height above 
the horizon: when his altitude is forty 
degrees, only the upper rainbow can be 
vifible, and when it is fifty-four de- 
grees there can be no rainbow: but as the 
fun's height, during the winter half year, is 
never equal to forty degrees, there may 
then be always two bows vifible. 

R£4Pt£- 
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RECREATION XL. 

The prifmatic camera obfcura. 

MAKE two holes F,/, (Plate XIII. 
Fig. 5.) in the Ihutler of a dark 
chamber, near to each other, and againft 
each hole place a prifm ABC, and abc^ 
in a perpendicular diredion, that their 
fpedrums MN may be caft on the paper 
in a horizontal line, and coincide with 
each other ; the red and violet of the one 
being in the fame part with tholje of the 
other. The paper fhbuld be placed at 
fuch a diflance from the prifms that the 
fpedrum maybe fufficiently dilated. 

Provide feveral papers nearly of the 
fame dimenfion with the fpedrum, crofe 
thefe papers, and draw lines parallel to the 
divifions of the colours. In thefe divifions 
cut out fuch figures as you (hall find will 
have an agreeable ejBfedg, as flowfers, treesr 
animals, &:c. 

^ When 
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VJPhen you have placed one of thefe 
papers in its proper pofition, hang a black 
cloth or paper behind it, that none of the 
rays that pafs through may be refleded, 
and confufe the phenomenon, Thefigures 
cut on the paper will then appear ftrongly 
illuminated with all the original^ colours 
of nature. 

If while one of the prifms remains at 
reft, the other )be revolved on its stxist 
the continual ailteration of the colours 
will afford a pleafing variety; which may 
be farther increafed by turning the prifm 
round in different diredions. 

When the prifms are fo placed that the 
two fpedrums become coincident in an in- 
verted order of their colours, the red end 
of one falling on the violet end of the 
other, if they be then viewed through a 
third prifm D H, held parallel to their 
length, they will no longer appear coin- 
cident, but in the form of two diftind 

fpedrums. 
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fpedrums, pt and wm, (Fig. 6.) crOTing 
one another in tRe middle, like the letter 
X. The red of one IfJedrum and the vio- 
let of the other, which were coincident at 
NM, being parted from each othep by 
a greater refradion of the violet to p and 
m, than that of the red to n and t. 

This Recreation may be farther diver- 
fified by adding two other prifms , that fliall 
form a fpedrum in the fame line, and con- 
tiguous to the other ; by which not only 
the variety of figures, but the vicifStude of 
colours will be confiderably augmented. 

RECREATION XLL 

^he diatonic fcale of colours. 

nPHE illuftrious Newton, in the courfe 
-■^ of his fagacious inveftigations of the 
properties of light, difcovered that the 
length of the fpaces which the feven pri- 
mary colours poffefs in the fpedrum, 
exadly coirrefponds to thofe of chords 

that 
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thaffiiund the feven notes in the diatonic 
icdle of mufic. As is evident by the fol- 
lowing experiment, • ^ ^ 

On a paper in a dark chamber let a ray 
,of light ^ be largely refraded into the 
fpedrum A^TMGP,. (Plate XIV. Fig. 
I.) and mark the^ precife boundaries of 
the feveral colours, as a, &, c, &cc. Draw 
linfes from thofe points perpendicular to 
the oppofite fide, and you will find that 
the fpaces M rf F, by which the red is 
bounded ; qp de.hy which the orange is 
bounded ; p oc d^hy which the yellow is 
bounded, &c. will be in exad propor- 
tion to the divifions of a niufical chord 
for the notes of an odave, that is, as the 
intervals of thefe numbers, i, I,,!,!,!, 

a . 9 « 
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RECREATION XLIL 

V Colorific mujic. 

FATHER Caftel, a Frenchman, in a 
curious book he has publifhed on 
Chromatics, fuppofes thenotettaoanfwer 
to blue in the prifmatic colours, the note 
re to yellow, and mi to red. The other 
tones he refers to the intermediate co- 
lours, from whence he conftruds the fol- 
lowing gamut of colorific mufic. 



Ut 


Blue 


Utfliarp 


Sea-green 


Re 


Bright green 


Re fharp 


Olive green 


Mi 


Yellow 


Fa 


Aurora 


Fa ftiarp 


Orange 


Sol 


Red 


Sol fliarp 


Crimfon 


La 


Violet ' 


La fharp 


Blue violet 


Si 


Sky Blue 


Ut 


Blue 



This gamut, according to his plan, is to 
be continued in the fame manner for the 

fol- 
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following odave ; except that the colours 
are to be more vivid. 

He fuppofes that thefe colours by ftrik- 
ing the eye in the fame fucceflion as the 
founds, to which he makes them analo- 
gous, do the ear, and in the fame order df 
time, they will produce a correfponderit 
fenfation of pleafure in the mind. It is 
on thefe general principles, which F. 
Caftel has ingenioufly dilucidated in his 
treatife, that he has endeavoured, though 
with little fuccefs, to eftablifh his ocular 
harpfichord. 

The conftrudion of this inftrument, 
as here explained, will fhow that the ef- 
fects produced by colours by no means 
&nfwer thofe of founds, and that the prin- 
ciple relation there is between them, con- 
fifts in the duration of the time that they 
refpedively afFed the fenfes. 

Between two circles of pafteboard, of 

ten inches diameter, AB and CD (Plate 

M 2 XIV. 
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XIV. Fig. 2.) enclofe a hollowpafteboard 
cylinder E, eighteen inches long. Divide 
this cylinder into fpaces half an inch wide, 
by a fpiral line that runs round it from 
top to bottom, and divide its furface into 
fix equal parts by parallel lines drawn be- 
tween its two extremities ; as is expreffed 
m the figure. 

Let the circle A B, at top* beopen, and 
let that at bottom, CD, be clofed, andfup- 
portedby an axisorfcrew, ofhalf aninch 
diameter, which muft turn freely in a nut 
■ placed at thebottomof aboxweihallpre- 
fently defcribe. To the axis jufl: men- 
tioned adjuft a wooden wheel G, of two 
inches and a half in diameter, and that has 
twelve or fifteen teeth, which take the end- 
lefs fcrew H. Let this cylinder be in- 
clofed in a box ILMN. (Fig. 3.) whofe 
bafe is fquare, and at whofe bottom there 
is a nut, in which the axis F turns. Ob- 
fcrve, that the endlefs fcrew H, fhould 
come out of the box, that it may receive 
.; the 
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the handle O, by which the cylinder is 
to be turned. 

This box being clofed all round, place - , 
over it a tin covering, which muft be per- > 
forated in different parts ; from this co- 
ver there muft hang three or four lights, 
fo placed that they may ftrongly illumine 
the infide of the cylinder. In one fide of 
this box (which fhould be covered with 
pafteboard) cut eight apertures of half an 
inch wide, and one-third of an inch high ; 
they muft be diredly over each other, and 
the diftance between them muft be ex- ' ' 
adly two inches. It is by thefe open- 
ings, which here cofrefpond to the mufi- 
' cal notes, that the various colours analo- 
gous to them, are to appear; and which 
being placed on the pafteboard cylinder, 
as we have lliowri, are refleded by means 
of the lights placed within it. - 

It is eafy to conceive, than when the 
handle O is turned, the cylinder in con- 

M 3 fequence -i.^ 
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fequence riling half an inch, if it be turqed 
five times round, it will fucceffively fhow, 
at the openings made in the fide of the box 
all thofe that ^re in the cylinder itfelf, and 
which are ranged according to the direcr 
tion of the inclined lines drawn on it. It 
is therefore according to the duration of 
the notes which are to be expreffed, t)iat 
the apertures on the cylinder are to be 
cut. Obferve that the fpace between two 
of the parallel lines drawn vertically on 
thp cylinder, is equal to one meafure of 
time, therefore for every turn of the cy- 
linder, there are fix meafures, and thirty 
meafures for the air that is to be played 
by this inftrument. 

The feveral apertures being made in the 
fide of the cylinder, in conformity to the 
notes of the tune that is to be exprefled, 
they are to be covered with double pieces 
of very thin paper, painted on both fides 
with the colours that are to reprefent the 
mufical notes. 

This 
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This Recreation might be executed in 
a different manner, and with a much 
greater extent ; but as the entertainment 
would not equal the trouble and expence, 
we have thought it fuflBcient to give the 
above piece, by which the reader will be 
enabled to judge how far the analogy fup- 
pofed by F. Gaftel really exifts. 

This article is taken from M, Guyot, 
who, though he commends the good fa- 
ther's ingenuity and induftry,' attributes 
but little merit to his fcheme. Not hav- 
ing feen F. Caftel's book, we cannot pre- 
tend to judge of the merit of his plan. It 
is evident, however, from the foregoing 
Recreation, that there is a much ftronger 
relation between founds and colours than 
^M. Guyot feemsto imagine. 
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PERSPECTIVE RECREATIONS. 

If the following Recreations do not di* 
redly belong to. optics, they have fo 
great a refemblance to it, th^t perhaps 
they could not be introduced any where 
elfe with fo much propriety. 

ANAMORPHOSES. 

RECREATION XLIIL 

To draw on a plane fyrface an irregular fi- 
gurcj which, when feen from a proper 
point of view, will appear exactly Jimilar 
to a given figure. 

ON* a paper or pafteboard draw the pa- 
rallelogram ABCD (PL XV. Fig. r.) 
of what -fize you pleafe, provided the fides 
AB and CD be longer than AC and 
BD; let it be, for example, four inches 
long and three wide. Divide it into twelve 
equal parts, and each of thofe into four 

other 
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other equal parts *. On this parallelogram 
draw the regular figure that you would 
have reprefented, in a diftorted form, on 

the plane. 

* 

Draw on a paper the line B A (Fig. 2.) 
indefinite toward A, Diredly over the 
point B, mark the point of view C, and 
let fall the perpendicular C B. On the 
line AB mark the point C, and draw 
from the point 6f view C, to that point 
D, the line CD, On the fame line, and 
at a convenient diftance from the point 
C, draw the line FG, of the fame length 
with AC (Fig. I.) let it be perpendicular 
to the line CD, and by which it muft be 
bifeded. From the point C to F and G, 
draw the two lines CF and CG, and con- 
tinue them till they meet the line AB at 
the points H and O. 

* The fmaller the divifions are, the more cafy 
^it will be to reprcfent the fubjefts with pre- 
ciCon. V 

The 



170 RATIONAL 

The line HO will then appear to the 
eye C of the fame dimenfion with the 
line FG, which is equal to the width of the 
parallelogram ABCD, as muft neceffarily 
follow from the principle laid down in 
the part of Optics ; that is, becaufe both 
thefe lines appear under the fame angle 
HCO. 

Then divide the line F G into the fame 
number of parts with the fide of the pa- 
rallelogram A C, (Fig. I.) and from the 
point of view C, to the line AB, draw the 
lines CI, CL, CM, CN, through the di- 
vifions in the line FG. 

On another paper draw the line AB 
(Fig. 3.) equal to the line C A, (Fig. 2.) 
and at its extremity B, ered the indefinite 
perpendicular BC. From the point B of 
the line AB to the point E, in the fame 
line, fet off a fpace equal to the line OF, 
(Fig. 2.) At the point E, divide the line 
AB by the perpendicular HI, equal to 

CD. 
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CD, (Fig, 1.) that is, equal to the length 
of the parallelogram. Thi.s line muft alfo 
be divided into two equal parts hy the line 
AB. . 

From the point B to the points H and I, 
draw the lines BH and BI, and con- 
tinue them towards C and D. Take 
the diftances that are between H and I, 
LD, M and N, (Fig. 2.) and tranf- 
pofe them to the line A B (Fig. 3.) from 
A to I, L, M, N, O, and draw the lines 
Y, Z, perpendicular to each of thefe divi- 
fions. Divide the line CD into eight 
equal parts, and draw the lines BG, BQ, 
BR, BS, BT, and BV. 

Thefe divifions being made, the trape- 
zium CHDI will be divided into as many 
parts as the parallelogram ABCD, (Fig. i.) 
and all thefe divifions, though of them- 
felves irregular, will appear to the eye, 
when placed at the point C, (Fig, 2 .) of the 

fame 
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fame figure and magnitude as the paralle- 
logram : all the lines that form the divi- 
fions included in the trapezium CHDI 
being feen under fimilar angles. In order 
to facilitate the tranfpofing the feveral 
parts of the defign contained in the paral- 
lelogram, to the trapezium, it will be 
proper to number the principal diviiionsJ. 
The whole, moreover, fhould be traced 
with great precifion *. Obferve, that all 
the right lines in the parallelogram forai 
as many right lines in the trapezium, there- 
fore when you have marked their extre- 
mities, you may draw them with a ruler 
from one point to the other* With re- 
gard to curve lines, you will judge of their 
diredion by the points where they cut the 
divifionsof the parallelograms, and tranf- 

* This method of drawing an irregular figure is 
taken from M. Guyot, and differs from thofe that 
are given by Niceron and Ozanam, as it appears 
more exaft to place the defign that is to be repre- 
fented in fuch manner that the ray, or principal 
point of view, may fall perpendicular on the center 
of the fuppofed pi6lure placed at F G. 

pofe 
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pofe them to the correfponding divifions 
of the trapezium. 

Note, Gare muft be taken that the paper 
on which the diftorted figure is drawn 
be well ftretched on a plane, that its fur- 
face may be quite even. You (hould alfo 
examine it attentively from the point of 
view ; and for that purpofe it will be con- 
venient to have a little circle of brafs, 
through which a hole of about two tenths 
of an inch is made, and placed upon a ftand 
(fee Fig. 4.) By that overture this piece 
of perfpedive illufion will produce an 
agreeable furprize. 

. Obferve that the diftance of the point 
of view from the picture may be taken at 
pleafure, provided it be not lefs than its 
'width. When the point of view is near 
the pidure it appears more deformed than 
when it is at a greater diftance, for the 
parts then become more extended toward 
GD; from whence.it follows, that if we 

would 
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would execute a defign of this fort on the 
fide of a gallery, it muft be regulated ac- 
cording to the dimenfions of the part on 
which it is to be drawn. Thefe fub- 
jeds, when well executed, at full length, 
are highly agreeable, and appear the more 
extraordinary, as the eye not being able to 
view them but by parts, (when walking in 
the gallery*) we cannot form the leaft 
idea of what they will prefent when feen 
from a proper point of view, where the 
efFed is truly admirable. 

* There are, at the convent of Minims in the 
Palace Royale at Paris, feveral fubjefts of this kind, 
painted on the walls of the cloifter by P. Niceron, 
who has publifhed an excellent treatife on this art* 
Among others, the figure of a Magdalen daily ex- 
cites the curiofity of a number of connoiffeurs. Un- 
fortunately, thefe pieces, which have fuffered by 
time, have not been properly repaired. 
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RECREATION XLIV. 

7*0 draw an irregular figure on a plane, 
which being feen from two oppofite points 
of view y Jhall reprefent two different regu- 
lar objedts. 

MAKE choice of a plane of conveni- 
ent fize, fuppofe two feet long and 
half a foot wide. Draw the line A B of 
the fame length, (Plate XVI. Fig. i.) con- 
tinue it on each fide to C and D, and ereft 
the perpendiculars C F and D G to the 
height of about three inches. Draw the 
lines A F and B G, and divide the line A B 
into fix equal parts at the points S, or into 
any other number you fhall think fit. From 
the two points of view F and G draw the 
Jines FS and GS, to thofe fix divifions. 

Then on the line G A fet off the diftance 
G B, and on the line F B the diftance F A^ 
and draw the two lines B H and A I, which 
will determine the width of the two fub- 
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jeds you are to reprefent on the plane, 
and are to be viewed, the one from the 
point F, and the other from G ; and of 
which the unequal divifions formed by the 
lines G S and F S, will determine thofe 
that are to correfpond to the feparate 
and inclined parts of the irregular figure 
which is to be feen from the points of 
view F and G. 

This firft preparation being made, draw 
the parallelogram ABCD (Fig. 2.) of the 
fame length with the line AB in the 
preceding figure, and about. fix inches 
wide : divide it into two equal parts by 
the line FG, which continue to H and I, 
equal to the diftance there is between CA 
and DB (Fig. i.) 

From the points AOSB (Fig. i.) Ifet 
fall the perpendiculars AA, OL, SL, and 
BC, on the line AC (Fig. 2.) and from 
the points L draw the lines LM parallel 
toAB. 

From 
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From the four angles of the parallelo- 
gram ABCD, draw the lines A I and B I 
to the point of view I, and thofe of CH 
and DH to the other point of view H; 
thefe lines will determine by the fedions ^ 
at X and Y the apparent height of the 
figtire. 

Then divide the lines AB and G D, in- 
to as many equal parts as you fhall thinb 
proper, and from thofe points draw the 
lines N I and NH. 

Next, draw on a paper the two paral- 
lelograms FGHI, LMNO, (Fig. 3.) and 
on them you are* to draw the two different 
defigns that you would reprefent in the 
diftor ted figure. Let each of thefe paral- 
lelograms be of an equal height with t^ie 
diftance XY, (Fig. 2.) and of the fame 
length as HB (Fig. i.) Divide their 
height FH or LN, according to the divi- 
fions of the line XY (Fig. 2.) and their 
length HI or NO, according to thofe of 
the line BH (Fig. i.) 

Vol. II. N After 
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After having drawn the two defigns, as 
corredly as poffible, on the divifions juft 
mentioned, take a board or pafteboard 
ABCD (Fig. 4-) of the fame dimenfions 
with the parallelogram ABCD, (Fig. 2.) 
and on it draw the lines LM, correfpond- 
ing to the perpendiculars let fall from 
OS. (Fig. I.) Thefe lines fhould be drawn 
fuflSciently deep to admit the folds of 
paper hereafter mentioned. 

Take a very thin paper ABCD (Fig. 5.) 
of about two feet and a half long, and fix 
inches wide, and on it draw parallel 
lines, at diftances correfponding to A O, 
OS, SO, kc. (Fig. I.) which you will 
meafure with a compafs from the angles 
on the line A B (Fig. i.) 

Divide this paper into two equal parts 
by a line drawn from the points X and Y, 
and obferve that it is on the fpaces 6, 5, 6> 
&c. that you are to draw the irregular fi- 
gure which is to be feen from the point F ; 
r and 
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and on thofe of c, c, c, fee. that which is 
to be feen from the point G. 

, On each of thefe. fpaces draw the lines, 
not punduated, of the parallelogram 
ABCD (Fig. 2.) that terminate in the 
points H and L Then trace on the fame 
paper all the ftrokes of the two figures 
drawn on the two parallelograms, (Fig. 3.) 
carefully obferving the fever al divifions 
to which they correfpond. 

When this irregular figure is quite fi- 
nifhed, fold the paper according to the di- 
vifions that have been drawn on it, fo 
that each of the divifions S, may turn one 
way, and each of the divifions O, the other 
way, and paftb the whole on a board, infuch 
a manner that the folds made on the blank 
iide of the paper, may anfwer to the lines 
traced in the board. On the paper thus 
pafted lay fomething that may keep it in 
proper form till the pafl:e is dry. Then 
let it be fo placed that fix of its divifions 
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may be oppolite to each of the points of 
viewF and G, 

To diftinguifh the objeds on the paral- 
lelogram with greater precifion, you muft 
have (as in the foregoing Recreation) two 
little circles, with a fmall hole in each, 
and place them exadly on the points of 
view that have been fixed. The eye being 
then placed at either of thofe points, 
will difcern the regular figure ; but 
when the fcheme is viewed in front, it 
prefents a form fo diftorted that it is im- 
poffible to conjedure what it is intended 
to reprefent. 

Obferve, This defign diggers in the con- 
ftrudion from that in the firft Recreation ; 
as here, the divifions drawn on the irregu- 
lar figure regulate thofe of the two other 
figures. It is indeed more difficult, but 
then it is alfo more entertaining ; and with 
a little application it may be eafily exe- 
cuted, as nothing more is neceflary than 

to 
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to transfer the divilions carefully from 
one figure to the other. 

To perform this fort of anamorphofis 
with more celerity, you may draw the 
plan on a pafteboard, and placing a tranf- 
parent paper over it, trace the fubjed 
thereon ; the fame pafteboard will ferve 
to execute, eqifelly well all forts of fub- 
jeds.* 

RECREATION XLV. 

To draw on the hafe of a cone, an irregular 
figure y which Jhall appear , when feen from 
a proper point of view, not only regular^ 
but elevated above thefurface of the cone. 

np H E geometric method that might 

^ be here given for drawing the figure 

propofed, being extremely tedious and 

difficult, Qii account of the various curves 

that it is neceflary to draw on the bafe of 

' the cone, we ftiall here defcribe a more 

fimple method, by making ufeof a lamp. 

This method may likewife be ufed in the 

N 3 drawing 
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drawing diftorted fubjeds on all irregular 
furfaces, whatever their figure may be. 

Let EF G (Plate XVIL Fig i.) be the' 
cone, on the bafis of which a diftorted 
figure is to be drawn, that being viewed 
from the point H, (hall appear regular, 
and exadly refembling that which is 
placed at N M. Place the cone In a cir- 
cular overture made in the board ABCD, 
which fhould be fupported py four feet, 
that the point of the cone may not touch 
. the table on which it ftands. Fix at the 
end of the board an upright piece I, that 
is to hold a fmall circle of brafs, through 
which is made a hole'H, of two tenths of 
an inch in diameter, that ferves for the 
point of view. 

Prepare a lamp as A, (Fig. 2.) the light 
of which may be raifed or lowered at plea- 
fure, and to which is fixed a brafs arm 
BC, bearing a fort of funnel D, in the 
fhape of a truncated cone, and whofe open- 
ing 
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ing at the end next the light is not more 
than three or four tenths of an inch in 
diameter. 

Pr^w the fubjed you would reprefent 
on the bafe of the cone, on a piece of 
glafs of equal height with the fpace MN*, 
that is of the apparent height of the dia- 
meter E F, of the bafe of the cone when 
feen from the point H ; place it perpen- 
dicular on the board at the point F, that 
is, at the extremity of the cone. 

Thefe preparations being made, take 
away the piece that bears the point of view ^ 
H, and place the lamp, fo prepared in fuch 
manner that the light maybe exadly where 
the point H was. » Its rays then paff- 
ijig through the glafs at M N, will en- 



* It muft be drawn with a very light ftroke, and 
you muft make ufe of a colour that is quite opaque. 

N 4 lighten 



i84 RATIONAL 

lighten all the lower furface of the cone, 
and there Ihow, in a diftorted form, the 
fubjed that is painted on the glafs. 

• Then draw with a pencil all the ftrokes 
of the fhadow that are on the cone ; and 
taking away the light, -place the point of 
vie^Jy H, and fee if what you have drawn 
correfpond with the fubjed on the glafs, 
correding what imperfedions there may 
chance to be. In the laft place, colour 
the fubjed fo traced on the cone, with the 
utmoft attention, infpeding your work 
from time to time from the point of view* 
before you give it the finifhing ftrokes. 

When the figure that is drawn and 
painted on the bafe of the cone is viewed 
from the point H, it appears to be 
at the fame point where the glafs M N 
was placed, and in the fame form that 
it was painted on that glafs. The eye 
even perceives it above the furface of 
the board in which the cone is placed, 

and 
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and thereby receives a remarkable and 
pleafing illufion. 

Note- This manner of drawing diftort* 
ed figures by means of a lamp and tranf- 
parent glafs, may be advantageouflyufed 
for all irregular figures, that are dif- 
ficult to draw geometrically. The fub- 
jeds that are drawn on the glafs may 
alfo be (haded and coloured, in the fame 
manner as for the camera obfcura ; in or- 
der to have the appearance of colours on 
the diftorted pidure. 

If a circle be defcribed on paper or 
pafteboard, and placed firm upon the 
table, where the cone is fuppofed to be, 
it will have precifely.the fame effed. 
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RECREATION XLVL 

"To draw^ eafily and correStly^ a landfcapt 
or any other object, without being obliged 
to obferve the rules of perfpeSHve, arid 
without the aid of the camera obfcura. 

PROCURE a box of pafteboard ABGD 
(Plate XVII. Fig. 3.) of about a foot 
and a half long, and made in the fhape 
of a truncated pyramid, whofe bafe 
BDFG is eight inches wide, and fix 
inches high. Fix to the other end of it a 
tube of four or five inches long, and 
which you can draw out from the box 
more or lefs. Line the infide of the box 
with black paper, and place it upon* a leg 
or ftand of wood H, and on which it may 
be elevated or depreffed by the hinge I. 

Take a fmall frame of wood A B C D 
(Fig. 4.) and divide it at every inch bylines 
of black filk drawn cfofs it, forming forty- 
eight 
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eight equal parts; divide thefe into 
Hill fmaller equal parts, by lines of finer 
filk*: fix this frame at the end BD, as 
the bafe of the pyramid. 

Provide a drawing paper, divided into 
the fame number of parts as is the frame, 
by lines lightly drawn in chalk. It is 
not material of what fize thefe divifi- 
ons are ; that will depend entirely on the 
fize you propofe to draw the objeds by 
this inflrument. 

Place this inflrument oppofite a land- 
fcape, or any other ^objed that you want 
to draw, and fix the leg firmly on, or in 
the ground, that it may not Ihake : then 
turning it to the fide you choofe, raife or 
incline it, and put the tube farther in or 
out, till you have gained an advantageous 
view of the objed you intend to draw. 

, * The different fize of the filk ferves to diftin- 
guifh more readily the correfponding divifions. 

' Place 
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Place yourfelf by the inftrument*, 
tvhich you have adjufted to the height of 
your eye, and looking through the tube, 
carefully obferve all that is contained in 
each divifion of the frame, and tranfpofe 
it to the correfponding divifion in yoiir 
paper : and if you have the leaft know- 
ledge in painting, or even drawing, you 
will make a very plealing pidure, and 
one in which all the objeds will appea.T 
in the moft exad proportion. 

Note. By the fame method you may 
draw all forts of objeds, as architedure, 
views, fee. and even human figures, if 
they remain fome time in the fame atti- 
tude, and are at a proper diftance from 
the inftrument. 

* You may provide yourfelf with one of thofe 
ftools that fold up, and are eafily portable. 
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RECREATION XLVIL 

niuminated profpeSts. 

PROVIDE yourfelf with fome of thofe 
prints that are commonly ufed in op- 
tical machines, printed on very white and 
very thin paper; taking care to make 
choice of fuch as have the greateft effect 
from the manner in which the objeds are 
placed in perfpedive. Pafte one of thefe 
on the borders of a frame, and paint it 
carefully with the moft lively colours, 
making ufe of none that are terreftrial. 
Obferve to retouch thofe parts feveral 
times where the engraving is ftrongeft *, 
then cut off the upper part or Iky, and fix 
that on another frame. 

The prints being thus prepared, place 
them in abox ABCD (Plate XVII. Fig- 5.) 

* When you colour a print, place it againft s^ 
plate of glafs, in an ereft pofition before you, tjiat 
it maybe enlightened by the fun. You roayalfo 
colour both fides of the print* 

the 
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the opening to which EFGH, Ihould be 
a little lefs than the print. Cover this 
opening with a glafs, and paint all the 
fpace between it and the prints, which 
fliould be about two or three inches, 
black. The frame that contains the Iky 
fliould be about an inch behind the other. 
In the back pait of this box, which is 
behind the prints, and which may he 
about four inches deep, place four or 
five fmall candlefticks to hold wax lights, 
and cover that part entirely with tin, 
that it maybe the more luminous. 

When the print is placed between the 
wax lights and the opening in the front of 
the box, and there is no other light in the 
room, the efFed will be highly pleafing; 
efpecially if the lights are at a fufficient 
diftance from each other, and not too 
ftrong, that they may not occafion any 
blots in the print- Thofe prints that re- 
prefent the rifing or fetting of the fun 
will have a very pidurefque appearance. 

Such 
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Such as reprefent conflagrations have alfo 

a ftriking efFed. 

/ 

Note. There fhould be two grooves for 
the print next the glafs, that you may in- 
fert a fecond fubjed before you draw away 
the firft : and that the lights in the back 
of the box may not be difcovered% 

You muft not, thinking to make the 
print more tranfparent, cover it with 
varnilh: for that will prevent the degra- 
dation of the colours from being vifible. 
The frame Ihould enter the fide of the box 
by a groove, that a variety of fubjedsmay 
be introduced. 
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I'ranfparent illuminations. 

HTHE box that is to enclofethefe fubjeds 
may be made in the fame manner with 
that of the preceding Recreation, only 
qbferving th;at it will be proper to aug- 
ment 
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ment the number of lights, and employ 
fuch prints as are agreeable to the fubjed. 

With a very fmall circular tool you are 
to cut out all the places where the light is 
intended to appear, or where it is expreff- 
ed, if the print reprefent an illumination. 
Particular care mufl be had to make ufe 
of the fineft tools in thofe parts of the print 
that are intended to appear at the greatefl 
diftance. 

Thefe prints muft by no means be tranf- 
parent, like thofe in the preceding Recre- 
ation ; on the contrary, they fliould be 
printed on a thick paper, or rather it 
ffiould be doubled, that very little of the 
engraving may appear. Behind the print 
mufl be placed a very fine tranfparent pa- 
per, varnifhed, fixed on a frame, and 
lightly painted with a deep yellow, or 
faffron colour, which muft be laid on 
thickeft at thofe places that are oppofite 
the parts of the print that are to appear 

at the greateft diftance. 

The 
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The fetting of the fun, fucceeded by a 
night fcene, may be very pleafingly re- 
prefented m this method. Thus : procure 
a landfcape, in which is the figure of the 
fetting fun, illuminated as above defcrib- 
ed. Let the bottom of this fcene reft 
upon an upright board in the box, of 
about two or three inches high, and let it 
be gradually moved off that board, and 
lowered down to the bottom of the box, 
on the fide next the glafs, by which means 
. the fun will appear to defcend. Let the 
lights then be gradually withdrawn : and 
change the firft landfcape for a night 
fcene, with the moon and ftars, properly 
perforated. The yellow paper muft be 
changed for one that is white and tranfpa- 
rent, and the lights be again introduced, 
when the moon, ftars, and other illumi-* 
nated parts will appear in their natural 
form. For the more eafy removing of 
the lights they may be all placed upon 
one ftand, but at different dift?inces. 

Vol. IL O This 
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This piece of illumination might alfo 
be put into the common optical machine ; 
but the magnifying glafs there ufed confi- 
derably enlarging the objed, the light 
reflededby the cut and tranfparent parts, 
then becomes greatly weakened, as it takes 
up a much larger fpace ; and that greatly 
diminifhes the vivacity which is neceffary 
to imitate nature, and to produce the il- 
lufion. If, however, you are defirous of 
viewing this piece by the magnifier, you 
muft take away the inclined mirror which 
is placed in thofe fort of optical ma- 
chines, and place the tranfparent picture 
or print in the front of the glafs ; or other- 
wife it will be fcarce poffible to render it 
luminous, except by refleclion, which af- 
fords but a very feeble light. 
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ACOUSTICS. 

THE fcience of acouflics inftriids us in 
the nature* of found. It is divided 
by feme writers into diacouftics, which 
explains the properties of thofe founds 
that come diredly from the fonorous bo- 
dy to the ear ; and catacouftics, which 
treats of refleded founds : but fuch dif- 
tindion does not appear to be of any real 
utility. 

DEFINITIONS. 

I. Sounds are either acute or grave, 
fimple or compound. 
■ 2 . Thofe founds that are fhrill or fharjp 
are called acute : and 

3. Thofe that are deep or hollow, are 
called grave fourjds. 

4, A fimple found is that produced by 
a fingle ftroke on a fonorous body ; and 
compound founds are thofe that proceed 
from feveral bodies ftruck at the fame 
time, or from feveral ftrokes on different 
parts of the fame body. 

O 2 5. A 
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5. A chord is a firing of catgut, brafs 
wire, &c, fo flretchcd as when ftruck ta 
yield a diftind found. 

6. A vibration is the regular, alternate 

motion of bodies, by which, when put 

out of their natural ftate, they endeavour 

to return to it- Thus the firing AB (PI. 

XVIII. Fig. I- being forced out of its na- 
tural pofition to that of A e B, vibrates to 

dj and then to e, /, ^, &c. till it returns 

foitsfirft (late at A B. 

APHORISMS. 

1 . All found is produced by an undula- 
tory or wave-like motion of the air*, ex- 
cited by the vibrations of a fonorous body 
proceeding from a flroke of fome other 
body. 

2 . Acute founds arife from quick vibra- 

* That air is the medium of found is evident from 
ja bell placed in the receiver of an air-pqmp, which 
taiay be heard toa confiderable diftance before the air is 
,€xhaufted, but after can fcarce be diftinguifhed when 
ijuite pear* 

tions 
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tions of the parts of a body, and grave 
founds from flow vibrations. 

3. Smooth and clear founds proceed 
from bodies that are homogeneous, and 
of an uniform figure ; and harfli or ob- 
tufe founds, from fuch as are of a mixed 
matter and irregular figure. 

4. In bodies of a fimilar figure and dir 
menfion, and of equal elafticity, their 
tones are equal to their denfities : the den- 
fer the body the graver is the tone ; 
therefore a bar of gold muft have a graver 
found than one of filver, of equal dimen- 
fions ; fuppofing them to be i)f equal 
elafticity. 

5. If two bodies are compofed of the 
fame matter, and are of fimilar figure, 
their tones will be in proportion to the 
quantities of matter. Thus, the tones of 
two globes of brafs will be to each other 
in proportion to their diameters. 

" 6^ The vibrations of chords is in pro- 
portion to their lengths, diameters, and 
tenfion, 

•O3 7A» 
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7. All the vibrations of the fame chord, 
as A c B, (Plate XVIII. Fig. i.) A d B, 
A e B, &c. are made in the fame time. 

8. if two chords are of the fame dia- 
meter or thicknefs, and equally ftretched, 
their vibrations, in the fame time, will be 
in proportion to their lengths inverfely, 
that is, a chord of fix inches will make 
two vibrations while a chord of twelve 
inches makes one*. 

9. If two chords frequently vibrate to- 
gether they produce a concord ; and the 
more frequent the coincidence of vibra- 
tion, the more pleafing the concord. 

* From hence we learn how to divide any chord 
fo that it may found the feven concords: as 
thus, divide the line AB (Plate XVIII. Fig. 2.) 
into two equal parts in C, and CB into two equal 
parts at D, and CD into two equal parts at 
E. Then AC will be to AB as {- that is, an o6lave ; 
A C to AD as f , a fifth ; A D to AB as ^, a fourth ; 
AC to AE as ^, a third greater ; A E to A D asf, 
a third leffer ; E B to A E as |, a fixth greater ; and . 
. A E to A B as 4, a fixth* leffer. 

IX) Sound 
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10. Sound is propagated in concentric 
circles every way round the fonorous 
body *. 

1 1. All founds, whether great or fmall, 
are of equal velocity. • 

12. The fpace paffed over by found is 
conftantly equal in equal times, whether 
it come from a greater or lefs diftance. 

13. The motion of found is at the rate 
of 1 142 feet in a fecond, and no obftacles 
obftrud its progrefs ; a contrary wind only 
a fmall matter diminifhing its velocityf. 

* The didance to which founds may be heard is 
veiy great. Authors of credit relate that the found ^ 
of cannon has been heard i8o and 200 miles. 

+ By this axiom we are enabled to find the diftance 
between the objefts that would be othen^ife immca- 
furable . For example, fuppofe you fee the flafh of a 
gun in the night at fea, and tell feven feconds before 
you hear the report, it follows therefore, that the dif- 
tance h feven times 1 142 feet ;^h2± is twenty-four 
yards more than a mile and a iialf. In like manner 
if you obferve the number of feconds between the 
lightning and the report of the thunder, you know 
the diftance of the cloud from whence it proceeds. 

O 4 • 14 The 
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14. The velocity of found is to that of 
a brifk wind as fifty to one* 

15. The ftrength of founds is greateft 
in cold and d^nfe air, and lead in that 
which is warm and rarefied. 

16. In all founds the angle of inci- 
dence is equal to that of refledion, . that 
is, if a line be drawn perpendicular to 
the reflecting furface, the point from 
which the found iflues, and that to which 
it is refleded, will be equally diftant from 
the perpendicular line. 



m 
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. RECREATION XLIX. 

I'ht jEoUpiles. 
N seolipile is a fmall globe of brafs or 



other metal, into which a flender 
neck or pipe is inferted. This ball, 
when made red hot, is caft into a veffel 
of water, which will rufh into its cavity, 
then almoft void of air. The ball' being 
then fet on the fire, the water, by the 
rarefadion of the internal air, will be 
forced out in fleam, by fits, with great 
violence, and with a ftrange noife. 

If to the necks of two or more of thefe 
aetolipiles there be fitted thofe calls that are 
ufed by fowlers and hunters, and the aeoli- 
piles be then placed privately on the fire; 
as the fleam ruflies forth they will make 
fuch a horrible noife, that a perfon who 
is ignorant of the contrivance cannot fail ^ 
being greatly aflonifhed. 

Great 
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Great care fliould be taken that the neck 
of the aeolipile be not flopped when it is 
placed on the fire, for in that cafe it would 
burfl, and might do no fmall mifchief. 

RECREATION L. 

T^he communicative hujts. 

T ET there be two heads of plafler of 
-■^ Paris, placed on pedeflals, on the op- 
pofite fides of a room. There mufl be a 
tin tube of an inch diameter, that mufl 
pafs from the ear of* one head, through 
the pedeflal, under the floor, and go up 
to the mouth of the other. Obferve, 
that the end of the tube which is next the 
ear of the one head, Ihould be confider- 
ably larger than that end which comes to 
the mouth of the other. Let the whole 
be fo difpofed that there may not be the 
leafl fufpicion of a communication. 

Now, when a perfon fpeaks, quite low, 
into the ear of one bufl, the found is re- 

verber- 
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verberated through the length of the tube, 
and will be diftindly heard by any one 
who Ihall place his ear to the mouth of the 
other. It is not neceflary that the tube 
fhould come to the lips of the buft. If 
there be two tubes, one going to the ear, 
and the other to the mouth of each head, 
two perfons may converfe together, by 
applying their mouth and ear reciprocally 
to the mouth and ear of the bufls ; and at 
the fame time other perfons that ftand in 
the middle of the chamber, between the 
heads, will not hear any part of their con- 
verfation. 

RECREATION LI. 

'The oracular head. 

ipLACE a buft on a pedeftal in the cor- 
-*- ner of a room, and let there be two 
tubes, as in the foregoing Recreation, one 
of which muft go from the mouth and the 
other from the ear of the buft, through 
the pedeftal, and the flool:, to an under a- 

partment. 
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partment. There may be likewife wires 
that go from the mider jaw, and the eyes 
of the buli, by which they may be eafily 
moved. 

A perfon being placed in the under 
room, and at a fignal given applying his 
ear to one of the tubes, will hear any 
queftion that is afked; and immediately 
reply, moving at the fame time the mouth 
and the eyes of the buft, by means of the 
wires. 



I 
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* A folar fonata. 

N a large cafe, fuch as is ufed for dials 
and fpring clocks, the front of which, 
or at leafl the lower part of it, muft be of 
glaCs, covered on the infide with gauze, let 
there be placed a barrel organ, which, 
when wound up, is prevented from play- 
ing, by a catch that takes a toothed wheel 
at the end of the barrel. To one end of 

this 
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this catch there mufl be joined a wire, at 
the end of which there is a fiat circle of 
cork, of the fame dimenlion with the in- 
fide of a glafs tube, in which it is to rife 
and fall. This tube muft communicate^ 
with a refervoir that goes acrofs the front 
part o^ the bottom of the cafe, which is to 
be filled with fpirits, fuch as is ufed 'in 
thermometers, but not coloured, that it 
may be the better concealed by the gauze, 

This cafe being pTaced in the fun, the 
Ipirits will be rarefied by the heat, and rif- 
ing in the tube, will lift up the catch or 
trigger ,^and fet the organ in play ; which 
it will contine to do as long as it is kept 
in the fun ; for the fpirits cannot run out 
of the tube, that part of the catch to 
which the circle is fixed being prevented 
from rifing beyond a certain point, by a 
check placed over it. Care muft be taken 
to remov^ the machine out of the fun be- 
fore the organ runs down, that its flopping 
may be evidently efFeded by the cold. 

When 
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When the machine is placed againfl: the 
fide of a room on which the fun fhines 
ftrong, it may conflantly remain in the 
fame place, if you inclofc it in a fecond 
cafe, made of thick wood, and placed at a 
little diflance from the other. When you 
want it to perform, it will be only necef- 
fary to throw open the door of the outer 
cafe, and expofe it to the fun. 

But if the machine be rtioveable, it will 
perform in all feafoas by being placed 
before the fire ; and in the winter it will 
more readily flop when removed into the 
cold. 

A machine of this fort is faid to have 
been invented by Cornelius Dreble, in 
the laft century. What the conftrudion- 
of that was we know not ; but might very 
likely be more complex, but could fcarce 
anfiver the intention more readily. 
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. RECREATION LIIL 

An automatons harpjichord. 

UNDER the keys of a common harp- 
fichord let there be fixed a barrel, 
fomething like that in a chamber organ, 
with flops or pins correfponding to the 
tupes YOU would have it play. Thefe 
flops mufl be moveable, fo that the tunes 
may be varied at pleafure. From eachpf 
the k^ys let there go a wire perpendicular 
down; the ends of thefe wires mufl be 
turned up for about one-fourth of an 
inch. Behind thefe wires let there be 
an iron bar, to prevent them from going 
too far back. Now, as the barrel turns 
round, its? pins take the ends of the wires, 
which pull down the keys, and play the 
harpfichord. The barrel and wires are 
to be all enclofed in a cafe. 

In the chimney of the fame room where 
the harpfichord flands, or at leafl in one 

adjacent. 
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adjacent, there muft be a fmoke jack, 
from whence comes down a ^yire, or cord, 
that, paffing behind thewainfcot adjoining 
the chimney, goes under the floor^ and 
up one of the legs of the harpfichord 
into the cafe, and round a fmall wheel 
fixed on the axis of that firft mentioned. 
There fhould be pullies at different dif^ 
tances, behind the wainfcot and under 
the floor, to facilitate the motion^of tlie 
chord- 

This machinery may be applied to any 
other keyed inftrument, as well as to 
chimes, and to many other pufpofes where 
a regular continued motion is required. 

An inftrument of this fort may be con- 
fidered as a perpetual motion, accor-ding 
to the common acceptation of the term, 
for it will never ceafe going till the fire 
be extinguifhed, or fome parts of the fiofa* 
chinery be worn out. 



RECRE- 
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RECREATION LIV. 

A ventofalfymphony. 

AT the top of a fummer-houfe, or other ^ 
building, freely expofed to the wind, 
let there be fixed the wings, or compound- 
ed vane AB (PL XVIII. Fig. 3.)on which 
is the pinion C, that takes the toothed 
wheel D, fixed on the axis E F, which at 
its other end carries the^ wheel G, that 
takes the pinion H, All thefe wheels and 
pinions are to be between the roof and the 
ceiling of the building. The pinion H is 
fixed to the perpendicular axis 1 K, which 
goes down very near the wall of the room, 
and may be covered after the fame man- ' 
ner as ate bell wires. At the lower end 
of the axis IK there is a fmall pinion L, 
that takes the wheel M, fixed on the axis 
of the, great wheel N O. In this wheel 
there muft be placed a number of ftops, 
correfponding to ihe tunes it is 'to play. 
Thefe flops are to be moveable that the tunes 
may be altered at pleafure; Againft this 
Vol. IL P wheel 
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in may anfwer to the number of hours it 
is to run. Againft the upright piece, on 
-the fide next the cone, there muft be fixed 
a check, to prevent it from defcending- 
This ftand, together with the wheel, may 
be enclofed in a cafe, and fo contrived 
as to be moved from one room to another 
with very little trouble. 

It is evident from the confl:rudion of 
this machine, that when a certain quanti- 
ty of the fand is run out, the weight will 
defcend, and put the wheel in motion, 
which motion will continue till the weight 
comes to the ground. If the wheel be re- 
quired to continue longer in motion, two 
or more puUies maybe added, over which 
the rope may run. 

The fize of the bells fhould be adapted 
to the fomniferous difpofition of the par- 
ty they are intended to rouze : or if you 
pleafe, a drum or tabor may be added, 

the 
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the (lick to which may be fixed in the 
fide of the room, by a fwivel that goes 
through the middle of it ; and one end of 
it being lifted up by teeth placed on the 
circumference of the wheel, the other 
end will alternately ftrike the drum. 
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RECREATION LVI. 

A mujical cqfcade. 

WHERE there is a natural cafcade, 
near the lower ftream, but not in 
it, let there be placed a large wheel, equal 
to the breadth of the cafcade : the diame- 
ter of this wheel, for about a foot from 
each end, mufl be much lefs than that of 
the middle part ; and all the water from 
the cafcade mufl be made to fall on the 
ends *. The remaining part of the wheel 
which is to be kept free from the water, 
mufl confifl of bars, on which are placed 
flops that flrike againfl the bells, as in the 
54th recreation : thefe flops mufl likewife 
be moveable, but larger than in that Re- 
creation, as well as the bells, that they 
may be heard much farther. It is evident 

* Tlie water that falls on the wheel may pafs thro* 
pipes, fo that part of it may be made occafionally to 
pafs ever or fall fhort of the wheel, as you would have 
the time of the mufic quicker or flower. 

from 
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from the conftrudion of this machine, 
that the water falling on the floats at the 
ends of the wheel, will make the flops, 
which are adapted to different tunes, ftrike 
the notes of thofe tunes on the refpedive 
bells* Two or three fets of bells may 
here be placed on the fame line, when 
the cafcade is fufficiqntly wide. 

Where there is not a natural cafcade, 
one may be artificially conftruded, by 
raifing part of the ground, wherever^ 
there is a defcent of water ; whether it be 
a ftream that fupplies a refervoir or foun- 
tain, or ferves domefticufes ; or if it be 
refufe water that has already ferved fome 
other purpofe. 
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RECREATION LVII. 

Reverberated founds. 

SOUND, like light, after it has been re- 
fleded from feveral places, may be 
colleded in one point, as in a focus ; 
and it will be there more audible than in 
any other part, even than at the place 
from whence it proceeded. On this prin- 
ciple it is that a whifpering gallery is con- 
fhiided. 

The form of this gallery muft be that of a 
concave hemifphere*, as ABC(PLXVin. 
Fig. 4.) and if a- low found or whifper be 
uttered at A, the vibrations expanding 
themfelves every way will impinge on the 
points DDD, &^c. and from thence be re- 
fleded to EEE, and from thence to the 
points F and G, till at laft they all meet 

* A cylindric or elliptic arch will anfwer ft ill bett'ir 
than one that is circular, 

' in 
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inC, where, as we have faid, the found 
will be the moft diijindly heard. 

Upon this principle alfo it is that the 
fpeaking trumpet is formed. For the found, 
in paffing through the long and narrbw 
part of the tube, is continually reflected 
from its curved fide into the axis, and by 
that mean is prevented from fpreading till 
at its exit from the tube, whereby the 
firength of the found is greatly increafed- 

As by the laft aphorifm, page 200, the 
angle of reflected found is equal to that 
of its incidence, if we know the point 
from which any found proceeds, and the 
place from which it is refleded, we may 
eafily find the point in which its echo will 
be heard. 

To hear the echo of one fyllable, we 

muft be at the diftance of 120 feet from 

the refleding furface : for two fyllables, 

1240 feet ; for three fyllables 360 feet, kc. 

' For 
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For when we fpeak diftindly we fcarce 
pronounce more than three or three fyl- 
lables and a half in a fecond; and as. by 
aphorifm 13, found goes 1142 feet in a 
fecond, if the diftance between the fpeaker 
and the refleding furface were lefs than 
360 feet, the firft fyllable would be re- 
turned before the laft was pronounced *, 
and therefore the echo could not be dif- 
tindly heard. The echo in Woodftock 
Park is faid to return 1 7 fyllables in the 
day, and 20 in the night: for then the air 
being colder anddenfer, by aphorifm 15, 
the ftrength of the found muft be greater. 
From hence we may determine nearly, 
the diftance of an objed that is inaccef- 

* According to the aphorifm, the diftance (hould 
be 380 feet ; for the firft fyllable muft go as far as 
is equal to the time the two laft fyllables are pro- 
nouncing, that is^ two-thirds of a fecond ; therefore 
the diftance fhould be equal to two-thirds of 1142 
feet, or 7603-, that is, 380^ going and coming. 
But as fome time muft be allowed for the refleft- 
ing furface to be made to vibrate by the impinging 
found, the firft diftance, 360 feet, will be very near 
the truth. 

fible; 
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fible ; for if an echo of i o fyllables be re^ 
fleded from the fide of a church or tower, 
it follows, from what has been faid, that 
theobjed muftbe 1200 feet diftant. 

The fame found may have feveral echoes, 
if there be feveral refleding furfacesfo dif- 
pofed as to make it reverberate to the fame 
point. Thus a violin or other inftru- 
ment, when founded in a room where 
there are feveral arches of the fame form, 
will found like a number of violins bf 
the fame fize playing in concert : or if 
the arches be of different forms, there 
will feem to be different inftrumentsplay- 
ing the fame tune. 
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RECREATION LVIII. 

I'he converjivejlatue. 

PLACE a concave mirror of about two 
feet diameter, as AB* (Plate XVIII. 
Fig. 5*) in a perpendicular diredion. The 
focus of this mirror may be at 15 or 1 8 
inches diftance from its furface. At the 
diftance of about five or fix feet let there 
be a partition, in which there is an open- 
ing EF, equal to the fize of the mirror; 
againfl: this opening mufl^ be placed a 
pidure, painted in water-colours, on a 
thin cloth, that the found may eafily pafs 
through it f. 

* Both the mirrors here ufed may be of tin or gilt 
pafteboard, this experiment not requiring fuch as are 
very accurate. 

t A Recreation of this kind may be performed 
in a field or garden, between two hedges, in one 
of which the mirror AB may be placed, and in 
the other an opening artfully contrived. The 
more effeftually to conceal the caufe of this 

illufion. 
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Behind the partition, at the diftance of 
two or three feet, place another mirror 
GH, of the fame fize as the former, and 
let it be diametrically oppofite to it. 

At the point C let there be placed the 
figure of a man feated on a pedeflal, 
and let his ear be placed exadly in the 
focus pf the fir ft mirror; his lower ja\t 
muft be made to open by a wire, and fhut 
by a fpring ; and there may be another 
wire to move the eyes ; thefe wires muft 
pafs through the figure, go under the 
floor, and come up behind the par- 
tition. 

Let a perfon, properly inftruded, be 
placed behind the partition near the mir- 
ror. You then propofe to any one to 
fpeak foftly to the ftatute, by putting his 

illufion, the mirror AB may be fixed in the wain- 
fcot, and a gauze, or any other thin covering, thrown 
over it, as that will not in the leaft prevent the found 
from being refle6led. 

^ mouth 
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mouth to the ear of it, affuring him that 
it will anfwer inftanlly. You then give 
the fignal to the perfon behind the par- 
tition, who, by placing his ear to the 
focus I, of the mirror GH, will hear 
diftindly what the other faid, and mov- 
ing the jaw and eyes of the ftatue, by 
the wires, will return an anfwer diredly, 
which will, in like manner be diftindly 
heard by the firft fpeaker. 

Remark. This Recreation appears to 
be taken from the Century of Inventions 
of the Marquis of Worcefter; one of 
thofe men of fublime genius, who are 
able to perform adions infinitely fupe- 
rior to the capacity, or even the compre- 
henfion, of the mere fcholar of man of 
bufinefs ; and though his defigns, at the 
time they were publifhed, were treated 
with ridicule and negled, by the 
great and little vulgar, wh6, judging by . 
their own abilities, are ever ready to 
condemn what they cannot comprebendt 

yet 










::..:.. \ 



RECREATIONS. 223 

yet they are now known to be generally, 
if not univerfally, pradicable. The 
words of the Marquis are thefe: " How 
to make a brazen or ftone head, in the 
midft of a great field or garden, fo arti- 
ficial and natural, that, though a man 
fpeak never fo foftly, and even whifper 
into the ear thereof, it will prefently 
open its mouth, and refolve the queftion 
in French, Latin, Welch, Irifli, or Eng- 
lifli, in good terms, uttering it out of its 
mouth, and then fhut it until the next 
queftion be afked/* 

RECREATION LIX. 

I'he Organ. 

T^ H E recreation this inftrument affords 
-*• is known to every one; but what 
we here propofe is a defcription of the 
feveral parts of this moft noble and com- 
prehenfive of all mufical machines, and of 
the manner by which its numerous founds 

are 
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are produced : and fuch a defcription will, 
perhaps, afford a perfon of an ingenious 
difpofition a recreation little inferior to 
the founds themfelves. 

There are various forts of organs, but 
that we fhall here *defcribe is the grand 
or church organ, which confifts of two 
parts, the main body, called the great or- 
gan, and thepofitive or little organ, which 
forms a fmall cafe or buffet, commonly 
placed before the great organ. The fize 
of an organ is generally expreffed by the 
length of its largeft pipe : thus they fay, 
an organ of 8, i6, 32 feet, kc* 

The feveral parts of the church organ 
are as follows : HIH (Plate XIX. Fig. i.) 
is the found^board, which is compofed of 
two parts, the upper board or cover HHH, 

* The organ in the catfeedraj church at Ulm, 
in Germany, is 93 feet high, Juid 28 broad : its 
largeft pipe is 13 inches diameter, and it has 16 pair 
of bellows» 

and 
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and the under board H I, which is mubh 
thicker than the other ; each of thefe con- 
lifts of feveral planks laid with their edges 
to each other, and joined very clofe toge- 
ther. In the under fide of the lower 
board there are made feveral channels, ' 
which run in the diredion L L, M M, 
kc. and are continued as far as there are 
flops in the organ, and come almoft to the 
edge H K. Thefe channels are covered* 
over, very clofe, with parchment or lea- 
ther, all the way, except a hole that is 
commonly at the fore end next HK, upon 
which a valve or puff is placed. Thefe 
channels are called partitions. When this 
valve or flap is fhut it keeps out the air, 
and admits it when open. On the upper 
fide of the lower board there are likewife 
cut feveral broad, fquare channels, lying 
crofs the former, but not fo deep as 
to reach them; thefe lie in the di- 
redion L N, P Q, &c. To fit thefe 
channels there are the fame number of 
Vol. II. Q wooden 



226 RATIONAL 

wooden Aiders or regifters /, /, /, fee. 
running the whole length ; and thefe may 
be drawn out, or thruft, in, at pleafure. 
The number of thefe is the fame as that 
of the flops in the organ. 

m 

K K K is the wiild-cheft, which is a 

fquare box, fitted clofe to the under fide 

' of the lower board, and made air tight, 

fo that no air can get out, but what goes 

through the valves, along the partitions. 

V V are the valves or pufis, which 
open into the wind-chefl: ; they are all in- 
clofed in it, and may be placed in any 
part of it, as occafion Ihall require. One 
of thefe valves, with the fpring that ftiuts 
it and the wire that opens it, is reprefent- 
ed by Fig. 2. 

C, D, E, F, fee. are the keys on which 
the fingers are placed, when the organ ii 
played : thefe keys lie over the horizontal 

bar 
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bar of wood W, in which are fluckian 
equal number of wire pins z z, on which* 
keys are fixed ; and the keys move up 
and down on the bar, as on a center* 
There is another bar, againft which the 
keys fall when put -dowin, and which is 
here marked 3 : on this alfo are feveral 
wires which go through the keys, to 
guide them ; and on this bar a lift is fat- 
tened to hinder the keys from knocking 
againft the wood. 

The keys are made to communicate 
with the valves feveral ways as we ftiall 
now defcribe. Firft, Sy s, s, are the key- 
rollers, moving on the pivots ^ ^: thefe 
roller? lie horizontally, one above another, 
and are of fuch a length as to reach from 
the valve to the key : a, a, a, are arms or 
levers fixed to the key rollers : Wj w, the 
valve wires fixed to the arms a^ a^ and to 
the valves V, and go through the holes 
^, /z, in the bottom of the wind cheft : 6 6 i, 
Q 2 are 
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are likewife arms fixed to the key-rollers : 
d, d, d, the key wires, fixed to the arms, fe, 6, 
and to the keys C, E), E. Now when the 
end of any one of the keys C, D, E, is put 
down, it pulls down the arm 6, by the 
wire d, which turns about the roller s with 
the arm a that pulls down the wire w, 
which opens the valve, that is fliut by the 
fpring as foon as the preffure is taken off 
the key. In this conftrudion there mud 
be a worm-fprin^ fattened to the key, and 
to the bar W, on the farther fide, to keep 
down the end 5,, of the key. 

Another method of opening the valves 
is thus : xy^ xy, are flender levers, move- 
able on the centers i , i : 5 x, 5 jc, are wires 
going from the farther ends of the keys 
to the ends x of the levers : yY, yY^ are 
other wires, reaching from the ends 3^ of 
the levers, through the holes h, to the 
♦valves V. So that putting down the key 
C,D, &c. raifes the end 5, which trufts 

up 
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up the end x of the lever, by the wire 
5 X ; this depreffes the end y of the lever, 
which pulls down the wire y V, and opens 
the^alve V. . / 

A third way of opening the valves is 
this : at the end of the key 6, is a lever 
8,9, moving in the center 7. This makes 
with the key, a compound lever. From 
the end 9, a wire goes to the valve. Now 
the putting down the end 6 of the key, 
raifes the end 8, which depreffes the end 
^, of the lever 8,9, pulls down the wire, 
and opens the valve. There is only one 
of thefe drawn in the fcheme, and but a 
few of the others ; to avoid confufion.- 

R, R, are the rollers, to move the Ai- 
ders, by help-of the arms c/, c/, which are 
fixed horizontally in thefe rollers ; ke, ke^ 
are alfo levers fixed ih the rollers ; le, I e, 
are the handles, which lie horizontally, 
and pafs through the holes / / ; they are 
Q 3 fattened 
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faftened to the lever k t^ being moveable 
about a joint at e. , 

Now, any handle / /?, being drawn out, 
pulls the end e toward /, which turns 
about R h along with the arm c/; and the 
end/ pulls out the Aider /^ ; and when 
p is thrufl in, the arm c/ likewife thrufts 
in the Aider/ ^. 

Upon the feveral rows of holes which 
appear on the top of the upper boards 
there are fet up an equal number of rows 
of pipes. The pipes of an organ are of 
two kinds, the one has a mouth like a 
flute, the other with reeds. The firft, 
called pipes of mutation, confift (i.) of 
a foot AA, BB (Fig. 3.) which is a hollow 
cone, that receives wind that is to found the 
pipe : ( 2 . ) to this foot is faftened the body 
of the pipe B B D D. Between the foot 
and the body of the pipe is a dia- 
phragm or partition FEF, that h^s a long 

but 
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but narrow aperture, by which the wind 
comes out : over this aperture is the 
mouth BBC, whofe upper lip C, being 
level, cuts the wind as it comes out, 

The pip^s are of pewter, of lead mix* 
ed with a twelfth part of tin, and of wood. 
Thofe of pewter are always open at their 
extremities : the diameter is very fmall, 
and their found very clear and fhrilL 
Thofe of lead mixed with tin are larger : 
the fhorteft are open, the longeft quite 
flopped : thofe of a mean fize are partly 
flopped, and have beiide a little ear on 
each fide the mouth, to be drawn clofer 
or fet farther afunder, in order to raife 
or lower the found. The wooden pipes are 
fquare and the extremity is flopped with 
a valve or tampion of leather. The found of 
the wooden and leaden pipes is very foft : 
the large ones flopped are commonly of. 
wood, the fmall ones of lead. The longefl 
pipes give the gravefl found and thefhorteft 
the mofl acute : their lengths and widths 
Q 4 are 
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are determined by a fixed proportion to 
their founds, and their divifions are regu- 
lated by a rule, which is called the diapa- 
fon. The longeft has commonly fixteen 
feet ; but in very large organs it has thir- 
ty-two feet. The pedal tubes are always 
open, though made of wood and of lead. 
Whatever note any open pipe founds, 
when its mouth is flopped, it will found an 
odave lower ; and a pipe of twice its ca- 
pacity will likewife found an odave lower. 

, A reed pipe confifts of a foot A AB B, 
(Fig. 4.) that carries the wind into the 
ftialot or reed C D, which is a hollow de- 
rai-cylinder, fitted at its extremity D, into 
a fort of mould, by a wooden tampion G. 
The fhallot is covered with a plate of cop- 
per K K L L, fitted at its extremity 1 1, 
into the mould, by the fame wooden tam- 
pion. Its other extremity K K, is at liber- 
ty, fo that the air entering the fhallot 
makes it tremble, or fhake againfl the 
reed ; and the longer that part of the 

tongue 
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tongue I L, which is at liberty, is made, 
the deeper is the found. The mould 1 1, 
that ferves to fix the fhallot or reed, the 
tongue, tampion, kc. ferves alfo to flop 
the foot of the pipe, and make the wind 
go out wholly at the reed. Laflly, in the 
mould is foldered the tube H H, whofe 
inward opening is a continuation of that 
of the reed : the form of this tube is dif- 
ferent in different ranks of pipes. The 
degree of acutenefs or gravity in the found 
of a reed-pipe, depends on the length of 
the tonge, and that of the pipe CK, takea 
from the extremity of the fhallot, to the 
extremity of the tube. The quantity or 
intenfion of the found depends on the width 
of the reed, the tongue, and the tube ; as 
alfo on the thicknefs of the tongue, the fi- 
gure of the tube, and the quantity of wind. 
To diverfify the founds of the pipes, a 
valve is added to the port-vent, which 
makes the wind go out in fits or fhakes. 
In Fig. I. X reprefents a flute-pipe of 
wood, Z a flute-pipe of metal, Y a trum- 

pet- 
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pet-pipe of metal. The pipes, to pre- 
vent them from falling, pafs thrcf holes 
made in boards, placed upon the upper 
board. 

The pipes are made to communicate 
with the wind-cheft in the following man- 
ner. There are holes bored that go thro' 
the upper and lower boards, and through 
the Aider, (when it is drawn out) into 
the partition below; fo that any pipes 
placed upon thofe holes will then com- 
municate with the partition, which, by its 
valve, communicates with the wind-cheft. 
But when the Aider is thruft in its holes 
do not anfwer to thofe in the; upper and 
lower boards, therefore the communica- 
tion is flopped, fo that no wind can get 
to the pipC; 

To every large organ there muft be at 
leaft two pair of bellows, which are mark- 
ed in Fig. I . by 9 T, 9 T. O, O, are the 
handles, moving upon the axes nrij nn. 

Each 
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Each of thefe bqllows confifts of two 
boards, the loweft of which is immoveable; 
and in this there is a valve r, opening in- 
wards and a tube leading to it,' called the 
conveying tube. There is alfo a hole in 
this under board, from which a tube leads 
to the port-vent, which is a fquare tube 
rnarked 4, rifing upward, and inferted 
into the under fide of the wind-cheft at 2. 
In the tube leading to the port-vent there 
is a -valve that opens tovv^ard the port- 
vent, and fufFers the air to go up the port- 
vent, but not to return. Now the handle O 
being put down, raifes the upper board T, 
and the air enters through the valve r, and 
when the handle is let go, the weight of 
the upper board, which carries three or 
four pound to every fquare foot, continu- 
ally defcending, drives the air through the 
port-vent to the found-board : and as the 
bellows work alternately one pair is con- 
flantly defcending, which occafions a con- 
tinual blaft through th6 port-vent. In 
chamber-organs there , is but one pair of 

bellows, ' 



236 RATIONAL 

bellows, but they are formed of three 
boards, in the manner of a fmith's bel- 
lows, and fo have a continual blaft. All 
the internal ftrudure of the organ is con- 
cealed from the light by the front of the 
inftrument, which ftands upon the part be- 
tween the numbers 3 and 6 (Fig. i.) 

In every organ the number of partitions 
LL, MM, &c. there are in the found- 
board (Fig. I.) that of the valves V, V; 
that of the rollers s^ s; or of the levers or, 
7, or 8, 9, and their wires: and that of the 
keys ABC, &cc. muft be always equal. 
Large organs have commonly four or five 
fets of keys, befide thofe that belong to 
the pedals or large pipes, the flops to 
which are played by the feet. The keys 
of an organ are ufually divided into four 
odaves, which are, the fecond fub-odave, 
firfl: fub-odave, middle odave, and firft 
odave. Each odave is divided into twelve 
flops or frets, of which feven are black 
and five white; the former mark the na- 

. tural 
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tural notes, and the latter the artificial 
tiotes, that is, flats and fharps. The num- 
ber of keys, therefore, when there are 
four odaves, muft be 48. Some organifts 
add one or more flops to the firft and fe- 
cond fub-odaves. The pedals have two 
or three odaves, at the option of the or- 
ganift ; fo that the number of flops is in- 
determinate. The keys are placed be- 
tween CC (Fig. I.) but the fcheme could 
not contain them all. There are alfo as 
many handles /, /, kc. rollers R, R, fee, 
fliders /,/, &:c. as there are flops upon 
the organ; and it mufl be obferved, that 
between the fliders/,/, fee. there are as 
many fliders on the right hand, and the 
fame number of handles and rollers, and 
other rows of pipes placed between L N, 
PQ, kc. which could not be expreffed in 
the figure. 

The leafl pipes and partitions are placed 
toward the middle of the organ, and 
the greatefl on the outfide. The flops 

of 
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of an organ have various denominations^ 
according to the founds they are to pro- 
duce ; fome of which are diapafon, prin- 
cipal, fifteen, twelve, tearce, cornet, 
trumpet, French horn, vox humana, flute, 
baffoon, Cremona, &c. There is a con- 
trivance to fwell the notes of fome of the 
flops, by placing the treble or fmall pipes 
in a kind of cheft, which is perfedly clof- 
ed or opened with the foot by means of a 
pedal. When the pipes are clofe ftxut up, 
the found is fcarce audible and feems to be 
at a great diflance; but as the cheft is 
wholly or in part opened or clofed, in a 
gradual and uniform manner, the found 
of the pipes is increafed or diminilhed in 
the fame proportion. In large organs, 
the upper or half-row of keys belong to 
thefe pipes; and when this part is ma- 
naged by a good performer, it yields the 
moft delightful mufic imaginable. 

When this magnificent inftrument is 
played, the handle O of the bellows is firft 
put down, which raifes the upper board 

T, 
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T, and gives room for the air to enter by 
the valve r. Then the other handle O is 
put down ; in the mean time the board T, 
belonging to the firft handle, defcending, 
and (hutting the valve r, drives the air, 
through the other valve, up the port-vent* 
and into the wind-cheft. Then drawing 
but any handle, as that of the flute-ftop, 
plj which draws out the flider/^, all the 
pipes in the fet LN are ready to play, as 
foon as the keys C,D,E, &c. are put down ; 
therefore, if the key D be put down, it 
opens the correfponding valve m V, thro' 
which the air enters into the pipe X, and 
makes it found. In the fame manner any 
other pipe, in the fet LN, will found when 
its key is put down ; but no pipe, in any 
other fet, will found, till the Aider be 
drawn out by its correfponding handle. 

The organ is not only the mofl grand 
but the moft ancient of all compound mu- 
fical machines. Vitruvius defcribes an hy- 
draulic organ in the tenth book of his ar- 

chitedure 
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chitecSure, which was celebrated by the 
emperor Julian, in an epigram. St. Je- 
rome mentions an organ that had twelve 
pair of bellows, and whofe found might 
be heard at the diftance of a mile. 
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RECREATION L p. 14 

Optical illujion. 

Three pieces of money being placed in 
veffel (PI. III. Fig. i.) out of the view 
of a fpedator, and water being poured 
into the veffel all thofe pieces become 
vifible — ^by the refradion of the light 
through the water. 

RECREATION II. p. 15 

Optical augmentation. 

A fhilling being put in a glafs of water, 
and a plate placed upon it, the glafs is 
turned over with the plate, and there 
appears a half crown on the plate and 
a fhilling over it — ^by the feeing the 
ftiilli;ig through the top and the fide of 
the water at the fame time, and the 
different refradion of the light. 

RECRE- 
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RECREATION III. p. 17 

' Optical fubtradiion^ 

Three fmall pieces of paper being placed 
againft a wall, (Plate III. Fig. 2.) a 
perfon by (hutting one of his eyes Can 
fee only two of them — the rays that 
come from one of the pieces falling 
always oil the optic nerve, and not on 
the retina. 

RECREATION IV. p. 18 

Alternate illujion. 

A filver feal when viewed through a con* 
vex lens, iappears alternately engraved 
and in relief — conjedure on the catife 
of this remarkable phenomenon p. 90 
(note) 

RECREATION V. p; 20 

The camera obfcura. 
A convex lens is placed in the window- 
ftiutter of a dark room, and a concave 
R 2 pafte- 
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pafteboard lined with white paper, is 
placed in the focus of the lens, where- 
by the obj6ds without the room are 
painted on the paper, but inverted — 
method of making them appear ered, 
page 22 (note) — this apparatus ini* 
proved by a mirror placed in different 
pofitions, p. 2 2 — prefents the moft 
pleafing and natural of all pidures 25 

RECREATION VI. p. 25 

I'd /hew the f pots an the fun s dijk^ by its 
image in. the camera obfcura. 

By placing a fcioptric ball, that is, a ball 

of wood in which a lens is fixed, oppo- 

fite the fun, which will throw its image 

! on the paper — this image to be viewed 

through another lens, p. 26 
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RECREATION VIL p. 27 

To magnify fmall objects by means of the fun's 
rays let into a dark chamber. 

By throwing the rays on a concave mirror 
and holding the fmall objeds, ftuckon 
flips of glafs, near the focus of the mir- 
ror, by which means their images are 
refleded on the wall- 

RECREATION VIII. p. 28 

The portable camera ohfcura. 

A plate of glafs is placed in a horizontal 
frame of wood that is fupported by 
four legs, which fold up (Plate III. 
Fig. 3.) Under the frame is a box, 
that likewife folds up, and at the bot- 
tom of it are a tube and a mirror, by 
which the objeds are refleded to the 
glafs— advantage of this camera over 
J.- .<Dthej;s, p, 30 — ^manner of ^rawing ob- 
i: 'J§^ by this maichine ^ : . p. 31 

R3 RE- 
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RECREATION IX. p. 32 

"The magic lantern. 

The origin of this machine — it confifts of 
a tin box, at one end of which is a 
concave mirror ; in the other end is 
fixed a lens, and between them is 
placed a lamp : before the lens is fixed 
a fquare tin tube in which there is a 
groove, and through this groove the 
glaffes that contain the?*- objecJis are 
paffed ; in this tube is placed ano- 
ther, that is moveable, and contains 
two lenfes, which throw the objecfts on 
a cloth — method of painting the glaffes, 
p. 37-^— propofal of improving this ma- 
chine by ufing moveable objeds. p. 39 

RECREATION X. p. 40 

3"o reprefent a tempejl hy the magic lantern. 

By paffing two glaffes, on One of which is 
• painted the fea and fky, and on the 

other 
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other Ihips, (Plate IV. Fig. i and 2) 
through the groove at the fame time, 
and giving them a proper motion— by 
the fame method a battle, and many 
other fubjeds may be exhibited p. 42 

RECREATION XL p. 43 

The nebulous magic lantern. 

At the bottom of a fquare box, whofe 
height is equal to fix times its width, 
(Plate IV. Fig. 3.) is placed a chafing- 
difh of hot coals, on which incenfe is 
burnt, and on the fmoke that comes 
out of the top of the box is thrown the 
figures of the magic lantern . 

RECREATION XIL p. 44 

jTo produce the appearance of a phantom^ on 
a box or pedejial placed on a table. 

A common magic lantern is placed in a 

box, (Plate IV- Fig. 4.) in which there 

is an inclined mirror, that refleds the 

R 4 light 
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light of the lantern on the thick fmoke 
of a chafingdifh of coals placed on the 
box, and fhows the image refleded by 
the glafs — this Recreation muft be per- 
formed in a dark room, p. 47 

RECREATION XIII. p. 48 

T'he magical theatre. 

A magic lantern muft be provided that has 
a tube in two of itsoppofite fides,(Pl.IV. 
Fig. 5.) ih one of which tubes there 
muft be feveral grooves, by which the 

' fubjeds to be reprefented may be paffed 
either horizontally, afcending, or de- 
fccnding, and two or more of them at 
the fame time. In the partition between 
the room where the lantern is, and that 
where the exhibition istobefeen, there 
muft be placed a glafs, covered with 
thin paper, on which the objeds are to 
be thrown — example of a reprefentation 
of the fiege of Troy, in five ads, 
p. 52 — it is quite neceifary that the 

glaffes 
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glaffes for thefe exhibitions be accu- 
rately painted, p. 60, 

C A T O P T R I C S. 

DEFINITIONS 62 

APHORISMS 63 

Properties of plain mirrors, p. 63— of 
fpherical convex mirrors, p. 64 — of 
fpherical concave mirrors, p- 65• 
R E C R E A T I O N XIV. p. 67 

The boundlefs gallery. 

Againfl each of the two fmalleft ends of 
an oblong box (Plate VI. Fig. i.) is 
placed a plain mirror, and from one of 
them the quickfilver is tafken off for the 
fpace of an inch and a half, oppofite 
which a hole is made in the box : the 
top of the box is covered with glafs, 

. and between the mirrors are placed 
fcenes properly painted, which, when 
viewed from the hole at the end of iftie 

box 
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box appear as an endlefs vifta or gal- 
lery. 

R E C R E A T I O N XV. p. 69 

The four magical mirrors. 

The infide of a fquare box (PL VI. Fig. 4) 
is lined with four mirrors : the top is 
covered with five planes of glafs in 
form of the lower part of a pyramid,, 
and on the bottom of the box are placed 
certain objeds in relief, which, when 
fecn from the top are fo refleded by 
the mirrors as to form an unlimited 
fpace completely covered with objeds. 

RECREATION XVI. p. 72 

The enchanted palace. 

From the center of a hexagon to its cir- 
cumference are drawn fix lines, at equal 
' difl:ances, (Plate VII. Fig. i.) and on 
each of them are fixed two mirrors, 
Which are fupported by pillars placed 

at 



CONTENTS. 251 

at the circumference : the top is co- 
vered with a dome, and between the 
fix fpaces objeds are placed, which are 
refleded fix times, and produce a very 
pleafing appearance. 

RECREATION XVIL p. 75 

"To draw an irregular figure^ which Jhall 
appear regular when viewed in a plane 
mirror. 

The figure is to be firft drawn on a fquare 
that contains a number of equal divi- 
fions, (Plate VII. Fig, 2.) and then the 
feveral parts transferred to the fame 
number of divifions in a trapezium ; 
and that diftorted figure, when feen in 
the mirror from a determinate point of 
view, will appear in its natural form. 

RECREATION XVIII. p. 78 

"The magical dial. 

A dial-plate, that has a magnetic needle 
for a hand, is placed at the bottom 

of 



252 CONTENTS. 

of a dial cafe and towards the top of 
the cafe is fixed a mirror, by which 
the figures of the hours are refleded to 
the part where the dial is conimonly 
feen. Another dial plate, at the back 
of which is concealed an artificial mag- 
net, that is moved by the hand of that 
dial, is given to a perfon, who fetting 
the hand privately to any hour, puts it 
in a drawer at the bottom of the dial- 
cafe, under the firft mentioned dial, and 
looking in at top he fees the refledion 
of the dial there, anfwer to the hour 
at which he fet the other dial ; the 
hand of the firfl: being moved, by the 
the attradion of the magnet in the 
other, to the fame hour. 

R E C R E A T I ON XIX. p. 8r. 

The box of divination. 

A box that contains four cafes, on each of 
which a number is wrote, and at the 
bottom of which a magnet is concealed, 

(Plate 
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(Plate VIIL Pig* i.) is placed on a ta- 
ble : under that part of the table are 
placed four moveable circles, that have 
each a needle, and under them is a 
drawer, that contains a mirror, fo that 
by looking into the drawer you fee, by 
that mirror, in what order are placed 
the boxes that have the numbers. 

RECREATION xi. p. 84 

Tlie magical p^rfpedlive^. 

A fmall common perfpedive (Plate VIIL 
Fig 6.) is fixed on a hollow ftand of 
wood ; in this perfpediVe is placed a 
jnirroF, which is moved by the inner 
tube, fo as to fliow any objed under the 
hollow ftand. Three of thefe perfpec- 
tives are fet over three holes in the top 
of a box, (Fig- 5) at the bottom of 
which is placed a moveable circle, that 
is divided into twenty-one equal parts, 
and contains a magnetic needle : this 
box is fet on a table, under which 

is 
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is concealed a magnetic bar, that being 
privately placed in any pofition, deter- 
mines that of the circle m the box, 
and confequently brings any of the cb- 
jeds painted on it under the feveral 
perfpedives. 

RECREATION XXL p. 93 

The penetrative , perfpe£tive. 

In a box or cafe that has two prominent 
parts or arms, (Plate X. Fig. i.) are 
placed four mirrors, and in each of the 
arms is fijjed the tube of a perfpedive 
glafs, fo that the objed next the end of 
one perfpedive, being refleded by the 
four mirrors, is feen at the end of the 
other, and appears as if viewed through 
the two perfpedives, and confequently 
is perfedly vifiblewhen an opaque body 
is placed between thofe two perfpec- 
tives. 

KE- 
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RECREATION XXII. p. 96 

I'he magician's mirrors. 

Two glaffes are fixed in the partition of 
a room, at about a foot diftant from 
each other ; behind thefe glaffes are 
placed two mirrors, inclined in a pro- 
per angle, fo that a perfon looking into 
one of them, inftead of feeing his own 
face fees that of another perfon who at 
the fame time looks into the other glafs. 
Method of improving this Recreation, 
by putting two glaffes in adjoining 
rooms, p. 97 — properties of plain mir- 
rors when placed in different pofi- 
tions, p. 98. 

RECREATION XXIII. p. 100 

Polemqfcopes. 

Thefe inftruments confift of a tube that 
contains an inclined mirror,' and has an 

eye 
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eye-glafs of a proper focus, fo that 
while the tube is pointed at one objed 
you fee another. By placing an inftru- 
ment of this fort at the top of a wall, 
while you ftand at the bottom, you fee 
what paffeson the other fide, p. loi 

RECREATION XXVI. p- 102 

The enchanted mirrors. 

In four parallel fides of a cubical box are 
fixed fourglaffes, reprefenting mirrors, 
and within the box are placed two mir- 
rors, that crofs it diagonally. When 
four perfpns look into the glaffes, each 
of them fees,"inftead of his own face, 
that of the perfon next him, and who 
appears at the fame time to be placed 
diredly oppofite to him. 
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RECREATION XXV. p. 1Q3 

^he animated optic halls. 

This pleafing piece of optics cdnfifts of 
an oblong bbx, (PL IX. Fig. 2.) three 
fourths of the upper part of which is 
divided from the lower by a horizontal 
partition, and is decorated with paint- 
ings. In the lower part of the remain-* 
ing fourth is placed an inclined plane, 
in the middle of which is a ferpentine 
groove, and in the other parts are paint-^ 
ings or objeds in relief : in the upper 
part of this fpace is a mirror, placed in 
a proper angle to refled the objeds on 
the plane. At the end of the box is 
a fmall opening, by which ivory balls, 
that may be painted with different co- 
louts, are put in, and running down the 
groove in the inclined plane, pafs out 
at the bottom, and are raifed to the fame 
opening again by a machine placed 

Vol. II. S there 



258 CONTENTS. 

there for that purpofe. Part of the top 
of this box is covered with glafs, lined 
with gauze, and near the inclined plane 
is placed a lamp. In the end of the 
box oppofite the plane, there is an open- 
ing in which a glafs is fixed, and thro* 
which the objeds on the inclined plane 
are feen, refleded by the mirror, and 
being all inverted, the balls feem to 
roll up the mirror, and pafs out at the 
top of the box. 

RECREATION XXVI. p. 1 1 1 

I'he optic balls by a double reflexion. 

This box differs from the laft in having a 
mirror where the inclined plajie is there 
placed; and in the planes being placed 
at the oppofite end of the box. There 
may alfo be an additional number of 
grooves, with a fmall inclination, thro* 
which the balls may pafs : and if there 
be fufficient room, there may be two 
fets of grooves, by which the balls will 
ieem in the mirror to rencounter and 
pafs over each other. 

RECRE- 
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RECREATION XXVII. p. 114- 

7b defcribe on a plane farface an irregular 
figure^ which Jhalt appear regular when 
placed oppqfite a multiplying glafs, andfeen 
by refleSiion through an aperture made in 
the center of the drawing. 

The plan of the multiplying glafs (Plate- 
X. Fig] 4.) being drawn on paper, the 
defign is to be drawn on that. The 
glafs is to be fixed on a ftand at one 
end of a box, and at the other end is 
to be a frame that holds a paper, in the 
middle of which is a hole, and on which 
is to be transferred the dejSgn drawn on 
the multiplying glafs, and which will 
then be quite diftorted ; but being feen 
in the mirror, by looking through the 
hole, it will appear quite regular. 
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RECREATION XXVIII. p. 120 

To defcrthe on a plane Surface a deformed 
figure^ wldch Jhall appear regular when 
viewed by refledtion in a cylindrical mir- 
ror. 

Part of the furface of the cylinder (PL XL 
, Fig. I.) is to be divided by lines, into 
twelve parts, in proportion to thofe of 
. tht diameter of the circle CD, Fig, 2. 
The paralelogram. Fig, 3. is likewife 
to be divided into twelve equal parts, 
and on them a regular figure is-to be 
drawn, and then transferred to the 
fame number of parts, which will be 
^reflededon the plane DG, by the lines 
on the cylinder, and the figure will 
then appear deformed, but being feea 
from the point of view E, will be quite 
regular. A fimilar experiment may 
be made with prifmatic and other mir- 
rors, p. 124 

R E C R E- 
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RECREATION XXIX. p. 123 

Optical appearances. 

A bottle half full of water being placed 
near the focus of a concave mirror, ap- 
pears not only inverted, but the water 
at the top of the bottle, and the bottom 
of the bottle empty. If the bottle be 
inverted and placed before the mirror 
its image will appear ered:, and the^ wa- 
ter at the bottom of the bottle. If 
while the bottle is inverted it be Un- 
corked, it will appear, that while the 
upper part is emptying the bottom part 
is filling. 

RECREATION XXX. p. 128 

T!ht perfpeHlve mirror. 

At one end of an oblong box (Plate XII, 

N Fig. I . ) is placed a concave mirror ; near 

the upper part of the oppofite end a 

hole is made, and about the middle of 

the box is placed a hollow frame of 

S 3 pafte- 
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pafleboard, that confines the view of 
the mirror. The top of the box next 
that end in which the hple is made is 
covered with a glafs ; and under the 
hole are placed, infucceffion, different 
pidures, properly painted, which are 
thrown into perfpedive by the mirror, 
and produce an appearance that is high- 
ly pleafing, 

RECREATION XXXL p. 130 

To fet fire to a comhufiible hody^ by the* re- 
Jlediion of two concave mirrors. 

Thefe two mirrors (Plate XII. Fig. 2.) are 
placed at a confiderable diftance, and 
in the focus of one of them is put a live 
coal, in that of the other fome gun- 
powder and by the blowing on the coal, 
the gunpowder will take fire, though 
the diftance between the mirrors be fe- 
veral feet. 

R E C R E- 
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RECREATION XXXIL p. 132 

T'Ae real apparition. 

A hole is made in a partition,. (Plate XII. 
Fig. 3.) and behind it is placed a large 
concave mirror, and a ftrong light, that 
muft not be vifible at the hole. On the 
fame fide of the partition, and diredly 
under the hole, is fixed, in an inverted 
pofition the objed that is to appear 
without the partition. A perfon being 
placed in a proper point of view will 
fee the objed on the outfide, and in an 
ered pofition, — The figure of anabfent 
or deceafed friend may be made to ap- 
pear by this method, p. 134 — Theima- 
ginary combat by a concave mirror, 

p. 136 

CHROMATICS. 

DEFINITIONS p. 137 

APHORISMS 138 
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RECREATION XXXIIL p. 140 

Out of a Jingle colourlefs ray of light to pro- 
duce feven other rays^ which Jhall painty on 
\ a white body^ thefeven primary colours of 

nature. 

A round hole is made in the window-fliut- 
ter of a dark room, and the ray of light 
that enters at the hole, falling on a 
•prifm, is refraded, and being thrown 
on a paper placed at a proper diftance, 
forms an oblong fpedrum that exhibits 
all the primary colours of nature. 

RECREATION XXXIV. p. 142 

From two or more of the primary colours to com- 
pofe others thatJhalU in appearance^ refem- 
hie thofe of the prlfm . 

By mixing any two of the primary co- 
lours, as yellow and blue, the interme- 
diate colour, green, will be formed ; 
but thefe mixed colours, though fimilar 
ip ^ppear^ncetQ the primary, yet when 

viewe4 
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viewed through a prifm, are refolved 
into the colours of which they are com- 
posed. 

RECREATION XXXV. p. 144 

Out of the three primary colours^ red, yellow 
and blue^ to produce all the other prifmatic 
colours^ and all that are intermediate to 
them. 

Three panes of glafs are divided, each of 
them into five equal parts^ and over 
thofe parts are paftjed a different num-" 
ber of papers painted either red, yellow, 
or blue, (PL XIII. Fig. 2.) When one 
of thefe glaffes is put in a box, open at 
two oppofite ends, all the gradations 
of the colour it contains are vifible ; 
and when two of them are placed to-t 
gether, Fig. 3, the intermediate colour 
appears with its feveral degrees. 

RECREATION XXXVI. p. 147 

By means of the three primary colours^ red, 

yelbwt and bluet together with light and 

* Jhadcy 
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Jhadc^ to produce all the gradations of the 
pryhiatic colours. 

On feven fquare panes of glafs papers 
are pafted that contain all the prifma- 
tic colours, and over them are put a*dif- 
ferent number of pieces, tinged with 
a deepfhade, and they are then placed 
in a box, in the fame manner as in the 
laft Recreation. Method of printing 
in polours, p. 148. 

RECREATION XXXVII. p. 150 

' ■ 7'he magical prifm. 

A ray of light that conies through a hole 
made in the window-fhutter of a dark- 
chapiber, falling on a glafs prifm, (Plate 
, XIII. Fig. 4.) is refraded on a hollow 
prifm of wood, that revolves on an axis, 
and in whofe fides figures are cut. As 
this prifm changes its pofition with re- 
gard to that of the glafs, the figures cut 
out will appear white, yellow, and 

red, or blue and violet. 

R t C R £. 



C O N T E N T S. 267 
RECREATION XXXVIII. p. 152 

Thefolar magic lantern. 

A fmall box that is open at two oppofite 
ifdes, is placed againft a hole of the 
fame fize in the window-lhutter of a 
dark chamber, that faces the fun. 
Through this box are pafl'ed, by a 
groove, pafteboard2)lacked, and through 
which different figures are cut Thefe 
figures, when viewed through a prifm, 
appear to be painted with the moft live- 
ly colours in nature. This Recreation 
may be diverfified by pafting papers 
tinged with different colours, over the 
figures in the pafleboard. 

RECREATION XXXIX. p. 154 

"The artificial rainbow. 

Oppofite a window on which the fun 
Ihines, a glafs globe filled with water 
is fufpended by a firing that paffes over 

. a pulley ; and when it is drawn up to a 
certain height, which may be fdund by 

trial, 
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trial, the colours of the rainbow will ap- 
pear in it : when it is drawn up a lit- 
tle higher the colours difappear, and 
when it is drawn up dill higher they ap- 
pear again, and at laft totally difappear. 
The phenomena of the natural rainbow 
explained by this experiment, p. 155 

RECREATION XL. p. 158 

l*he prtfmatic camera obfcura. 
Two holes are made in the fhutter of a 
dark chamber (Plate XHI. Fig. 5.) and 
againft each of them a prifm is placed, 
in fuch manner that both their fpec- 
trums are call: upon the fame fpot. Se^ 
veral papers, of the fame dimenCon 
with the fpedrums, have lines drawn on 
them parallel to the divifions of the 
colours, and between thofe divifions fi- 
gures are cut out, which then appear to 
be painted with all the primary colours. 
This Recreation may be diverfified by 
turning one of the prifms round ; and 
by looking at the fpedrums through 



^mother prifm, p. 159. 
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RECREATION XLI. p. 160 

The diatonic fcale of colours. 

The fun's fpedrum is to be largely re* 
fraded on a paper, and the divifions oF 
the feveral colours fet off, when they 
will be found to correfpond to the di- 
vifions of a mufical chord for the notes 
of anodave, 

RECREATION XLII. p. 162 

Colorific mufic. 

The furface of a hollow cylinder (Plate 
XIV. Fig. 2.) is divided vertically into 
fix equal parts, and horizontally in to for- 
ty-one parts ; in each Qf the latter parts 
fpaces are cut, over which are pafted 
papers that are painted with the feven 
primary colours. At the bQttora ,of 
this cylinder is a wheel, an endlefs 
fcrew, and a nut ; and when it is placed 
in a cafe, Fig. 3, the endlefs fcr^w is 

turned 
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tunned by a handle, which turns the 
wheel, and raifesthe cylinder by means 
of the nut at bottom, the height of five 
of its horizontal divifions, and- confe- 
quently fhows the feveral colours it con- 
tains at the eight apertures made in the 
front of the cafe. A lamp is fufpended 
from the top of the cafe, which hang- 
ing within the cylinder, fhows the 
colours that anfwer to the notes of mu- 
fie, and the length of thofe colours cor- 
refponds to the duration of the notes. 

PERSPECTIVE RECREATIONS. 

RECREATION XLIIL p. i68 

To draw on aplanefurface an irregular fi- 
gure^ whklu when feen from a proper 
point of view J will appear Jvmilar to a given 
figure. 

A paralelogram is divided into forty-dght 

equal parts, (Plate XV. Fig. i.) on 

\vhich the regular figure is drawn, and 

its 
/ 
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its feveral parts tranfpofed, to an equal 
number of divifions in a trapezium, 
where the figure will appear deformed, 
but when feen from a proper point of 
view, quite regular. The correfpond- 
ing parts in the parallelogram and tra- 
pezium are to be numbered, p. 172— 
Thefe figures appear to great advantage 
when painted on the fide of a gallery, 
p. 174. 



RECREATION XLIV. p. 175 

To draw an irregular figure on a plane j which 
being feen from two oppofite points of view^ 
fhall reprefent two different regulations. 

The two regular fquares are to be firfl: 
drawn on the two parallelograms. (PI. 
XVI. Fig. 3.) and then transferred to 
the divifions of the paralellogram, Fig 
2. On a board Fig. 4, ofthefamefize 
with the laft figure, lines are cut, in 

which 
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which a paper. Fig- 5, is pafted, and 
the diftorted figure on it : which when 
feen from two proper points of view, 
will prefent two regular figures* 

RECREATION XLV. p. 181 

To draw on the bqfe of a cone^ an irregular 
figure^ which Jhall appear f when feen from 
a proper point of vtew^ not only regular j 
hut elevated above thefurface of the cone. 

The cone is placed in a board, (PL XVII. 
Fig. I.) with its bafe upward, and at 
one end of it is fixed a perpendicular 
plate of glafs, on which the regular fi- 
gure is drawn. At the point of view 
a lamp is placed, by which the figure 
on the glafs is thrown on the bafe of the 
cone, and there traced. The lamp and 
glafs are then taken away, and the dif- 
torted figure, when feen from the point 
of view appears not only regular, but 

ere^ 
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eredt, and in the fame fituation it was 
on the glafs* 

RECREATION XLVL p. 186 

To draw J eajily and corredtly, a landfcape^ or 
any other object^ without being obliged to 
obferve the rules of perfpedtive, and with-- 
out the aid of the camera obfcura. 

In the largeft end of a box (Plate XVII. 
Fig. 3.) there is a frame, divided into a 
number of equal divifions, and in the 
oppofite end is a tube. This box is 
fupported on a ftand. You are provided 
with a paper that has the fame num- 

, ber of divifions as the frame in the box, 
and looking through the tube you tranf- 
fer the feveral objedsfeen through the 
divifions of the frame to thofe on the 
paper. 

RECREATION XLVIL p. 189^ 
Illuminated profpeSls. 

The top of a print, properly painted, is cut 
off, and put in a frame, and the lower 
part in another frame. Thefe two frames 
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are placed in a box, (PL XVII. Fig. 5.) 
at different diflances, and behind them 
lights are fet, and when they are viewed 
from the front of the box, and there is 
no other light in the room, they afford 
a very pleafing appearance. 

RECREATION XLVIII. p. 191 

T'ranf parent illuminations. 
Thofe parts of a print where the light is to 
appear are cut through with a fine tool. 
The print is then put in a frame and 
placed in the box defcribed in the lafl 
recreation : behind it is a yellow tranfpa- 
rent paper, and behind that are lights. 
Thefe fcenes are to be moveable, fo as to 
reprefent a fucceflion of objeds dif- 
ferently illuminated. 

ACOUSTICS. 

DEFINITIONS P' i95 

APHORISMS ' 196 

Nature of fonorous bodies, aph. i 105. — 
Vibrations of chords, aph. 6 to 9.— Pro- 
pagation of folind, aph. 10 to 14. — 
Strength and reflection of found, aph. 
15 and 16. R Er* 
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RECREATION XLIX. p. 201 

"The eolipiles. 

A fmall met^l globe, with a flender neck, 
is thrown when hot, into a veffel of 
water, and when it is put on a fire the 
water rufhes out with a great noife — this 
phenomenon improved by fixing the 
calls ufed by fowlers to the necjcs of 
thefe eolipiles. 

R E C R E A T I O N L. p. 202 

The communicative bujis. 

Two bufls are placed on pedeftals on the 
oppofite fides of a room, and from the 
mouth of the one there goes a tube un- 
der the floor, to the ear of the other. 
Therefore, if aperfon fpeakinto the ear 
of one bufl, another perfon, who applies 
his ear to the mouth of the other bufl, 
will hear diflindly all the firfl utters ; 
and at the fame time other people,, in 
the middle of the room, will hear no- 
thing of what pafTes. 

T 2 RE- 
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R E C R E A T I Q N LI. p. 203 

The oracular head. 
This recreation is performed by a fingle 
head, and tubes, that go from the ear 
and mouth of it, to a room underneath, 
where a confederate hears what is faid, 
and returns an anfwer ; and there are 
wires by which the eyes and lips of 
the buft are moved at the fame time. 

RECREATION UI. p. 204 

The folar fonata. 
^ barrel organ is placed in a cafe, that has 
a glafs front, behind which is a tube with 
fplrits, and on that a cork floats, which, 
when it rifes to a certain point, by the 
heat of the fun, lifts up a catch, andfets 
the organ in play ; but when the ma- 
chine is carried into the cold the fpirits 
fink, and the catch again flops the organ. 

RECREATION LIII. p. 207 

An automatons harpjichord. 
There are wires that go from the under 
part of the keys of a harpfichord, and a 

barrel 
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barrel with pins, that take the ends of 
thofe wires. Round the axis of the bar- 
rel goes a firing, that paffes under the 
floor, and communicates with afmoke- 
, jack, by whicli the harpfichord is played 
inceflantly, 

RECREATION LIV. p. 209 

A ventofal Symphony. 

On the top of a houfe there is a vane, (PL 
XVIII. Fig. 3.) at the bottom of which, 
and within the roof of the houfe, is a 
wheel that communicates, by other fmall 
wheels and pinions, with a large barrel 
in the room underneath : to this barrel 
a number of Hops are fixed, and clofe 
to it arte hung twelve bells ; therefore 
as the vane is turned by the wind, the 
feveral fmall wheels being put in mo- 
tion, turn the barrel, and by making it 
ftrike the bells, according to the pofi- 
tion of the flops, play the fymphony* 

R E C R E- 
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RECREATION LV. p. 211 

"Tlie noSturnal reveilleur. 
On the circumference of a wheel are 
placed a number of bells, and round its 
axis is wound a rope, at the end of which 
is faftened a weight that refts upon one 
end of a moveable lever, and is bal- 
lancedby ahollow cone, filled with fand, 
hung to the other end of the lever, but 
as the fand runs out the weight defcends 
and by turning the wheel rings thebells. 

RECREATION LVI. p. 214 

A mufical cqfcade. 

A large wheel is placed under a cafcade, 

the water of which is Confined to the 

ends of the wheel ; the middle of this 

wheel confifts of bars, in which flops 
are placed, that by flriking a certain 

number of bells play one or more 

tunes, at pleafure. 

RECREATION LVir. p,2i6 

Reverberated founds. 
Conflrudion of a whifpering gallery — the 
nature of echoes, p. 2 j 7 — of reverbe- 
rated echoes, p. 219. 
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RECREATION LVIIL p. 220 

The converfivejlatue. 
There are two large concave mirrors, and 
in the focus of one of them is placed 
the figure of a man (PL XVIII. Fig, 5.) 
The other mirror is placed behind a 
partition, in which is an opening, con- 
cealed by a gauze. When a perfon 
fpeaks foftly in the ear of the ftatue, 
which is exaSly in the focus of one of 
the mirrors, another perfon placing his 
ear in the focus of the other mirror 
will hear diftindly what is faid, andan- 
fwering foftly at the fame point will be 
heard by the firfl perfon. 

RECREATION LIX. p. 223 

The great organ. 
The body of this noble inftrument con- 
fifts of a wind-cheft, (Pi. XIX. Fig. i.) 
over which is placed two boards, that 
form what is called the found-board, 
in the underfideof the lower board are 
feveral partitions, and in its upper fide 

are 
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are cut channels, in which Aiders are 
placed, in a tranfverfe pofition to the 
partitions. There are holes made thro' 
the upper board. Aiders and under board, 
into the partitions ; and in the holes of 
the upper board the pipes are placed 
that produce the founds. There are two 
pair of bellows, by which the air is 
forced into the cheft. When any one 
of the Aiders is drawn , put, its holes 
correfpond with thofe in the upper 
board and in the partitions. At the 
front end of each partition is a valve, 
under which is a hole into the wind- 
cheft ; thefe valves are conneded with 
the keys of the organ by wires, fo that 
when a key is put down it opens a valve 
and the air ruflies into the partition, 
and the Aider being drawn out it paffes 
through the holes in that and the up- 
per board into the pipe placed over it, 
and makes it found. 

THE END OF THE SECOND VOLUME. 



